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PREFACE. 


This collection of experiments has passed through sev- 
eral stages and grown at every stage, until now Vart I. is 
many times larger than the whole course as originally 
sketched, larger than any one is likely to use in its en- 
tirety, and almost too larger to justify the title of a course 
at all. This T regret; but T take comfort in the thought 
that it will at least he ea.sicr tor those who use tlie book 
to select what they need from it than from the sources 
from whi('h it has been gathered. What a good laboratory 
course ought to include is not yet wliolly clear, and (^an 
only be settled by trial ; till this has been done a superflu- 
ous liberty of scdection may not be wholly a disadvantage. 

Tlie ex])eriments cov(‘r l)iit {i part of the experimental 
held, cliiefly tluit of stnisution .uid ])erc(‘])tion, though it is 
evidently impossibles to take out any soi*t of numtal phe- 
nomenon for entii’cly indeptmdent exaniinaihm. Tn a sub- 
scfpient volume, if 1 am able to ])repiire it, t shall hope ^ 
to widen the course, by chapters on voluntary movement, 
memory, attention, emotion, and other coni])licated inentid.^ 
states, in so far as they are open to experiments of mode- 
rate difliculty. 

To some who turn its pages the book may seem rather 
a physiology of the si)ecial senses than a psychology of 
sensation and perception. This is not vStrange perhaps; 
but jt should be remembered that the distinction between 
tfie two is not in the experiments themselves, but in the 

iil 
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perspective in which they are viewed. Whether or not 
the course is one in psycliology or physiology must there- 
fore be left in large measure to the user of it himself. In 
making the collection, I have tried to keep the line sharp 
in my own mind between those experiments that have a 
distinct psychological bearing, and those that do not ; and 
while a considerable number of the latter have been in- 
cluded, they have been those that furnish data for other 
ext3eriments, or are otherwise useful to the main i>iirpose of 
the course. I trust that in this subordinate position they 
will not seem out of place. 

Most of the experiments are demoiistratioiial in char- 
acter, and aimed at qualitative rather than quantitative 
results, even when for convenience they have b(‘en given 
a quantitative form. Precautions necessary for results of 
the latter sort have therefore been lightly touched upon. 
The setting of the experiments is geiuu*ally the simplest, 
and the apparatus the least expensive, that })romised satis- 
factory results. That no mistakes have been made, even 
from these points of view, is more than 1 can hope. I 
have been careful in the selection, however, and let the 
book ])ass from my hands with the hope tliat it may prove 
helpful both to those who have psychological courses to 
give and to those Avho shall by and by siqqdant it by a 
^better one. 

f A few explanations are necessary with regard to particu- 
portions of the book. The first six chapters remain, 
with the cxcei)tion of insignificant changes, as they stood 
in the set of ‘‘ advance shecds ])rinted in 1894. The 
literature from whicJi they are drawn is therefore not later 
than the fall of 1898. I am sorry not to have brought 
them up to the date of the last three (the end of 1890), 
but to do so would have greatly delayed the completiqu of 
the work, if it had not prevented it altogether. The litera- 
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ture that has since appeared — some of it very important 
— can be followed in the excellent bibliographies of the 
Psychological Reviciv, Annee Psycholog iqiie^ and Zeitschrift 
fur Psychologic, A few points in the first six chapters had 
been marked for revision when opportunity offered. The 
more important of these have been taken np in the section 
of notes following the appendices (pp. 43,*^ If.), fn three 
instaiKjes (pp. IG, 24, and 27) forward refenuiees to litera- 
ture were made from earlier chapters to Cha];ter Vlll. ; 
but when Chapter Vlll. came to be written, its plan was 
somewhat changed, and tliese references must therefore 
be cancelled. 

T\\q l)i\)liographics include for the most part books and 
articles consulted in the preparation of the experiments. 
A few, however, liave been merely scanned, and a veiy few 
have l)een taken at second h«and. The purpose and sco])e 
of the bibliographies have been indicated more fully in the 
introduction to the first of them, p. 20. 

It has been my intention by the references following the 
experiments to make full acknowle<lgment of my obliga- 
tion to those from whom T have derived them. I may say 
here in addition, that, in the sense of wholly new experi- 
ments, there is hardly anything original in the book. JMy 
part in it has been one of selection and adaptation, and in 
the nature of the case could hardly have been anything 
else. Wliere obligations have been so great and to so 
many, it is difficult to choose for special mention, 
mine have been very groat to ITolmholt/, Hering, Aubert, 
Wundt, Stumpf, and (foldscheider ; and if what I say of 
the psyehophysic methods is compared with ivulpe\s sec- 
tions on the same subjects, it will be seen that I have taken 
advantage of Ids discriminating treatment of them. A good 
mai^ of the diagrams used have of necessity been taken 
from the sources from which the experiments themselves 
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have been drawn, and are covered by the same references. 
For the loan of the blocks for several of the illusions in 
Chapter VIL, I am indebted to the courtesy of Messrs. 
Charles Sci'ibner’s Sons and to Professor Josepli Jastrow ; 
and for two of those shovvinj^ disks for Webers law, to Ur. 
August Kirscdimann of the Cniversity of Toronto. 

In a less tangible, but no less real way, I have been 
assisted V)y many of my colleagues in Clark University 
and elsewhere, and by many of my students, and here 
make grateful aciknowledgment of th(^ obligation. This is 
true espe.cially witli rd’erence to Ih-esident Hall, in whose 
lectures and seminary at Paltimon^ the study of several 
of the topics of this course was begun, and whose ins})ira- 
tioii and encouragement have had much to do with its 
completion. 

In the ])roof-rea<liiig and imlexing 1 have been .assisted 
by still others, whos(‘ unfailing 1 h‘ 1 pfulness in ot inu' ways 
makes it seem strange to seh‘ct this alone for juention. 

K. C. S. 

Clark University, Dcwmbevy 1807. 
f 
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5. Judgments of Motion on the Skin. a. Let the sub- 
ject close his eyes. Eest a pencil point or the head of a pin 
gently on his fore-arm and move it slowly and evenly up or 
down the arm. Recpiire him to iiidhjate his earliest judg- 
ment of the direction. If the experiment is carefully made, 
the fa(jt of motion will be perceived before its direction. 

h. Try a iiiimbor of. times, estimating the distances trav- 
ersed ill millimetres and averaging for the two directions 
separately. It will probably be found that the downward 
distances have been greater than the upward. 

c. Starting from a lixed })oint on the fore-arm, move the 
pencil in irregular order u[), down, right, or left, and require 
the suV)je(!t to announce the direction of motion as before. 
Compare the results found with those found in Ex. 7. 

Hall and Donaldson. 

6. Feelings of Double Contact, a. If two parts of the 

body of like temperature are brought in contact, the two 
S(msations do not blend, but the part that moves feels the 
one tiuit does not ; i.e., the sensations received by the mov- 
ing })art generally get more attention and are externalized, i 
Try with the ti})s of the thumbs or hiigcn^s in contact. This.^ 
general rule, however, has exceptions. Feel of the palm of 
tin* right hand first with the ball of the left thumb (which 
gives results in accord Avith the rule), then with the 
knuckle of the same thumb sharply bent. Light tapping ^ 
of the forehead with the finger we feel in the forehead more 
markedly than in the finger, though usually with the haK?tl 
on the forehead we feel the forehead. ^ 

h. If the parts are not of like temperature that Avhicli 
varies most from the normal bodily temperature Avill be felt 
l)y tlu^ oth(‘r. Warm tlie right hand by holding it closed 
for a minute or two and then ap])ly it to tlie forehead. The 
higher temperature will be perceived by the forehead, while 
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at the same time the liaiid as the more expert touch organ 
will perceive the form of the forehead. Cool the right luuid 
by holding it a few minutes in cold water, dry it and apply 
it to the back of the left hand. The right hand may seem 
to be feeling of a cold left hand. In this case of course 
both the temperature and form feelings are credited to the 
right hand. If the temperature is not very ditfennit tlie 
direction of attention may dictate which shall be felt by 
the other. 

Weber, 55(5 -559 ; Dessoir, 229. 

7. Weber\s Sensory (Hrcles. a. Find the least distiince 
apart at which the points of tlie msthesiometric compasses ^ 
can be recognized as two when applied to tlie skin ot; the 
fore-arm. ''Ihy also the upper arm, the back of the hand, 
the forehead, the tinger-tip, and the tip oi the tongm*. He 
very careful to put both points on the skin at the same tini(‘, 
and to bear on e(pially with both. Cf. VV(d)t'r’s ineasure- 
meiits as given in the text-books ; also ColdscheideFs 
(quoted by Ladd, p. 411). 

b. Compare the distance between the points just recog- 
nizable as two when applied lengthwise of the a.rni with 

‘that found when they are a])])lied crosswise. (yoni])are tlic 
results found in a and h with those found in Fx. but 
remember that this compass exptu-iment requires tln^ dis- 
crimination of the points. 

c. Give the points a slightly less se|)aration than that 
found for the fore-arm crosswise, and beginning at the 
elbow draw the i)oints downward side by side along the 
ari<». They will at first appear as one, later as two, after 
which they will appear to sei)arate as they descend. Some- 
thing similar will be found on drawing the points from side 


1 For the apparatus needed in this and later experiments, see the list and 
descriptipns in the chapter on apparatus below. 
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tQ side across tlie face so that one shall go above, the other 
below the mouth. 

d. Make the skin aii.-nstlictic with an ether spray and test 
the discriminative sensibility as before. 

Weber, 524-530, 530-541 ; (loldscheider, B, 70 ff., 84 flf. 

8. Filled Space is relatively under-estimated on the 
skin. Set up in a small wooden rod a row of tjve pins 
separated by intervals of half an iiie.h, and in another two 
])ins two inches a})art. Ap})ly to the arm like the com- 
passes above. The space occupied by the five pins will 
se(uu less than that between the two. A still simpler 
way given by James is as follows: Cut one end of a 
visiting card into a series of notches, and the other into 
one long notch so a.s to leave two i)oints as far a])art as 
the outer points at the other end, but separated by an 
empty interval. Apply to the skin as before. This illu- 
sion, though very clear for some experimenters, does not 
seem e(pially so for all, and some have difficulty with 
it. 

James, If., 141, footnote. 

9. Active Touch is far more discriminating than mere 
contact. Compare the sensatiuns received from simply 
resting the ti]) of the finger on a rough covered book with 
those rec.eived wlien the linger is moved and the surface 

feJt of.^’ 

10. Time Discriminations of the sense of contact are 
very delicate. Strike a tuning-fork; touch it lightly, anch 
after about a second remove the finger so as not to stop Jjlie 
fork. The taps of the fork on tlie skin do not blend into a 
smooth sensation even when the vibrations are several hun- 
dred a second. One may assure himself that the touching 
does not much alter the rate of the fork by using another 
that beats with the first. If tlie touching is carefully done, 
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the rate of the beats will not be noticeably altered. (On 
beating forks see Chap. IV.) The roughness may also be 
felt but not so strongly, by setting the stem of the fork 
upon the skin. Tlie roughness of the pulses of air from 
large tuning-forks can also be felt when the hand is brought 
near, but not into actual contact with them. 

Wittich, 835 ff. ; Schwaner; Sergi. 

11. After-images of Touch. Touch the skin of the wrist 
lightly with tlie point of a needle, and notice that beside 
the original sensation, there is, after a more or less free 
interval, a second jjulse of sensation. The interval is 
brief, a second or under, aiid the s(uisation a])i)ears to come 
from witliin. In (piality it is like the first, but without the 
pressure component. The |)ri(‘k of the needle ])oint is not 
essential ; the second sensation can l)e obs(*rved when the 
head of a ])in is applied. Too liard touches must be avoided 
in testing for these images, as they give rise to a (‘ontinuous 
after-image that fills the vinterval. The second image is 
apparently due to a double conduction in the s])inal cord, 
and is therefore different from the aft(‘r-images of the other 
senses. A j)ortion of the original excitation is conveyed in 
the ijosterior columns of the cord to the cortex. Another 
portion goes by a slower patli through the central gray 
matter of the cord. Cf. Ex. 32. 

Goldsclieider, If, 108 f. 

12. An Interesting Illusion of Length, based on the time 
‘during which a tcjuch sensation continues, may be observ(‘d 

as follows: Kequire the subject to close Ids eyes. Take a 
piece of coarse thread a couple of feet long and make a knot 
in the middle of it. Elac.ethe knot betwetui the tliumb and 
forefinger of the subject, asking him to press it gently. 
Then draw the thread slowly through between Ids thumb 
and finger and ask him to estimate its length. Jlepeat the 
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process, this time drawing it rapidly. The drawing must 
not be too slow in the first case nor too fast in tlie second, 
or the nature of the illusion may be suggested to the sub- 
ject and more or less completely corrected. 

J.oel), 121-122. 

For Minimal Contact in relation to Pn^ssure, see Kx. 22; 
in relation to Tickle, see Fx. 31. 

Sensations of TEMPFiiATOKE. 

13. Warm and Cold Spots, a. Move one of the pointed 
brass rods, or even a cool lead-pencil, slowly and lightly 
over the skin of the back of the liand. At certain points 
distinct sensations of cold will Hash out, while at others no 
temperature sensation will be perceived, or at most, only 
faint and diffuse ones. Heat one of the rods slightly in 
the gas flame and repeat the experiment. More care will 
be re([aired in locating the warm spots than the cold spots, 
for their sensations seem less distinct. 

A On some convenient portion of tlie skin mark off the 
corners of a square 2 cm. on the side. Co over this square 
carefully both lengthwise and crosswise for both warmth and 
cold, drawing t he i)oint along lines I mm. a]>art, and note on a 
corres]M)nding s(piare of millimetre })aj)er t he warm and cold 
spots found, warm spots with red ink, cold with black. This 
time the ])oints should be heated or cooled considerably by 
placing them in vessels of hot or cold water, and should be 
ke])t at an apjiroximately constant tenqxuutui’c l)y fre(pient 
change, one being left in the water while tln^ otluu* is in us 4 *. 
Freak the experiment into a number of sittings so as to 
avoid fatiguing the spots, for they are very easily fatigued. 
A map made in this way (?annot hope to r(q)resent all the 
spots, but it will suftice to show tlie ])ermanence of some of 
them and possibly to show a little their general arrange- 
ment. When the map has been made, select a responsive 
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and isolai(Ml cold spot, and try it with a warm point. Try 
a similar warm s})ot with a cohy])oiiit. 

c. Notice' the very distinct persistence of the sensations 
atti'r the jxeiiit has been removed, that is, the tem]>eratiir(; 
after-i maizes. 

An interc'sting (pu'stion siii^jj^ested by this ])unc-tiial loca.- 
tion of te*m])eratiire sensations is this, nann'ly : How does it 
come about that we ordinarily conceive such sensations as 
continuous over (*onsiderable areas. 

iilix; (JoMscheider, d, R, E; Donaldson. 

J4. MecJianii'iil and (du'iuical Stinuilatioii of the Temper- 
ature Sj)otsd The temperature spots r(‘S]>ond with tlieir 
characteristics sc'iisations to mechanical and cln'inical stimu- 
lation (and some obsei’va'rs find also, to eh'ctriiail stimula- 
tion), and do not .t’ive pain wln'ii puiu'tured. 

o. (llioose a very (M'rtainly locaitc'-d cold spot and tap it 
^‘ently with a, tine woodem point (not too soon aftA'i’ locating 
it, if it has b(‘en fatigued in locatiiig); or better, Imve an 
assistant tap it. Thrust a needle into a well-locafed cold 
[)oint. Try both for comparison on an adjacent portion of 
tlie skin. 

b. ( Uioosci a convenient area., say, on the back of tin*, hand 
or tlie tem])le, and ml) thc^ skin lightly with a menthol 
pemdl. After a little the semsation of cold will a.p[)ear. 
Holdscheider’s tc^sts witli a th(u-mometer a])])li(*d to tlui skiii 
0 ^how tliat the sensation is not due to an actual (*,ooling of it. 
Th(^ numtliol makes the nerv(*s of cold at first hypenes- 
t?ietic (so that th(‘.y respond with their specitic sensafion to 

’ Sn(*h cxpon'Mii'nts jis fhosi* illiisfniti* Uu* Law of tho Eiiorpy of 

N< rv< s, u liicli iiiMv bo stafod soniowhat as follow.s * Every stiiiiiiliis that can 
ex(*it<‘ a heii.sory nerve at all, causes such sensations a.H follow the stimulation of 
that nerve in its customary way and only sueli. As re{rards the interpretation to 
be jmt on the plienomena thus generalized there is dispute. (Johischeider I ; 
Wundt, ;ae Anti. 1. tV., He I. Aufl. :w:t; lleliidiollz, Sensations of Tone, HS ; 
Opt ik, t>te Aufl. lie Aufl. iu:i; I.add, :i07, 
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mere C(^ntaet, and give an intoiiser sensation when a cold 
body is ap])li(Ml than do Ji^jaeent normal |)ortions of the 
skill) ; afterward, however, all the cutaiieovis nerves become 
more or less amesthetie. 

c. (dienii(‘.al stimulation of tlie lieat nerves can lie tested 
with COo. Provide', two like vessels; place them side by 
side and lill one witli CiK. riunge the liand into tlie vessel 
(ujiitaining tlie gas, and for comjiarison into the one contain- 
ing air. For the additional ex^ieriinents necessary to prove 
tins to be a real chemical stiimdation, see the literature. 

Hlix, Goldsclicider d, /i, jD, F, and Donaldson; on c, U. Du 
Hois-Keymond. 

Id. The Temperature of the Skin at any moment is a 
balaiH'e t5etweeii its gain and loss of heat. Anything that 
disturbs that balance, causing increased gain or loss, jiro- 
duces tem]:)erature. sensations. It is common exjierience 
that a piece of cloth, a bit of wood, a piece of metal, all of 
the same temperature as the air that seems indift’erent to 
the hand, c.aus(i different degrees of the sensation of cold 
when touclu'.d, because they imu'ease the loss of heat by coii- 
duc,tion in different degrees. If a ])a])er bag be placed over 
the hand held ujiward, a sensation of warmtii is soon felt, 
because of the deereas(‘d loss of heat. 

10. The Shifting of the “ Physiological Zero.’’ a. Pro- 
vide three vessels of water, one at 30"^ C., the sec'.ond at 40®, 
the third at 20®. Put a finger of one hand into the warmer 
wat(M‘, a finger of the otlu'r into the cooler. At first the 
usual tem])(*rature sensations will b(^ felt, but after a little 
• th(‘.y disap])('ar more or less conqdetely, because of the 
fafigue of tlie corresjionding temperature organs. Now 
transfer both fingiirs to the water of normal temperature. 
It will seem cool to the finger from warmer water and warm 
to the one from cooler. T'his exi)eriment has been sometimes 
regarded as one of successive curntrast. 
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h. Hold the liaiul for one minute in water at 12° C., then 
transfer it to water at JS°. "^he hitter will at first feel 
warm, but after a time eold again, 'flie water at 18° first 
causes a decrease ii\ the loss of lieat or a slight gain, but 
later a continued loss. 

Weber; llering; (ioldsclieiiii^r, ff. 

17. Effect of Extent of Surfaije Stimulated. The inten- 
sity of the sensation increases as the stimulated area 
increases. Dij) the right forefinger (or hand) into hot or 
cold water, obs(M-ve the semsation, and ijnjm‘diately insert 
the other forefing<‘r to an e({iia.l dej)th. Vary the ex])eriment 
by inserting the left lingm* first, and by inscu'ting both at 
once and then withdrawing one. The original ex])eriment 
of Weber, who inserted first a finger, and then the whole of 
the otlnn* hand, gives striking results, ))iit has tlu^ fa-ult, 
as (loldsclndder l iglitly obs(n*v(\s, of adding a mor(‘ s(*nsitive 
as well as a hirg(U‘ area. This (*x j)(‘rim(‘nt must ]iot be 
im*-onsid(*rat(‘ly contra-st(‘d with Ex. 28. 

Web<T, 55.3; Goldseluador, ('/, 475- 17(5. 

18. Teni])m’ature Fatigue, a. Exti'cnu^ temperatures fa- 
tigue the s(Misor} apparatus of botli hejit and (*.old. Mold a 
finger in water at 45° (h, tlu^ corresj)onding finger of the 
other hand in water which feels neitluu’ cold nor hot (about 
82°). Aft(U' .‘>0 s(*C()nds dip them alteinately into water at 
10°. ddie finger from th(^ wal(*r a.t .82° will bad the eold 
more strongly. Hold a fingcT in water at 10°, the corre- 
j;[)onding finger of tlie other hand in water at 82°. After 80 
s(‘c.onds di]) them alternabdy in water at 45°. Tlie linger 
from the water at 82° will feel the hi‘at more strongly. 

b. Tlu‘ fatigiK^ of tin*, tem]>(M'ature a])])araf,iis may ])roduei*, 
an a])parent eontradieti(m of Ex. 17. Flunge one Imnd 
(mtiredy under eold wat(n- and keep it tlu'n^ fora moment. 
Then dip the finger of the othiu- hand or the wholes liand 
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sev(‘i*al times in the same.Avater, withdrawing it immediately 
eaeh tijiu\ The water see^|is eohhn* to the linger or liand 
wliieh is only dipped. 

Weber, bTO; Uoldseheider, M If. 

19 . Temp(‘rature After-images, a. Hold a eold i)iece of 
metid on the foroliead or on tlu^ palm of tiie liand for half a 
niimit(‘. On removing it tln^ sensation of eold eontiniies, 
tliough th(^ aetinil tenijMMutnre of the skin is rising. Some- 
times tiiietuations ar(5 ol)serv(‘d in the })ersisting sensation. 
Aft('r contact with a liot ))ody tln^ sensation of heat eon- 
tinu(‘S in tin; same way, tliough the temperature of the skin 
falls. ( i(ddsch(‘ider explains this ri‘sult for (add in part by 
tin* persistence of tin* (*old sensation in the manner of an 
afti*r-ima.ge, and in ])ai‘t by the h*ss(*ned si‘nsibility of the 
in‘rv(^s of heat; a similar explanation nmfafiii inufamUs 
liohls also for h(*at. 

h. Intermittent after-images, or those that recur after an 
int(*rval mon^ or less free of sensation, have b(‘en observed 
esp(*(nally with reju'ated stimulation. H(*a.t a k(‘y till it is 
just a little short of ])ainfully hot, touch soiin* i)art of the 
skin, e.g., tin* wrist, three or four ^inn*s at intervals of about 
half a s(*(M)n(l. Tin* after-image of tln^ heat will appear 
sevi'ral si^coinls latr*r. Try tin* same for eold, but use a key 
that is at tin? temperature of the air. 

Of. VjX. lo <*., also the after-imag(*s of ln*aring and vision, ^ 
Ohapters IV. and V.. and notice that all the tein])eratiire 
after-iniag(*s are ])ositive; i.e., like* the original sensation.® 

(Joldselieider, 11, :i4 IT., as ; on b, Dessoir, a(M). 

2b. Fineness of Tem])erature I)is(*rimination. (f. Find 
what is the least ])ere(?ptibh* dilterence in teni])erature 
betwei*n two vessels of water at about (\, at about 0°, 
and about do®, fdie tinest (liserimination will ])roba.bly be 
foun^ with the first mentioned, if the discrimination does 
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not prove too fine at all these ]>oints to be inea,sur(*(l with 
tile therniometin's at liand. Use the same hand for tliese 
tests, always diiijiing it to the same dejdh. It is betim* to 
dip the hand r(*])ejit(*dly tlian to keep it in tlie Avater. 

h. The different surfae(‘s of' the body vary nnu'li in their 
sensitiveness to temperaturt\ Tht^ miieons surface's are 
quite obtuse. Wluui drinking a e.om forcibly hot euj> of 
eoffcM', di]) tlu' n])]ier lip into it so that the ('.ofCee touehes 
the skin above the r(‘d jiart of the liji, or dip th(‘ tingcu* into 
it; it will seem burning hot. Plunge the hand into Avater 
jit 0 - 10 ° (\ 1die smisation of eold will be strongi'st at 
first on the back of the ha.nd vvlnue tln^ skin is tliin, but a 
little lat(*r Avill (‘onu^ out mor(^ strongly in the ])alm, whert^ 
it Avill continue to be strong(*r and may finally ap])i*o«aeh 
liain. 

(\ The middle line of the body is l(‘ss sensitive to tmm 
peratun^ than ])ortions at either side of it. Touch the 
middh^ of the foreh(*ad, or the ti]» of the nose, with a piece 
of warm or c-old nud-al and thmi touch several placets to the 
right and left of that juiint. 

Feolmor; Weber, It’,; (toklseb eider, Ji, 40 ff. 

S N S AT I o .\ S O F 1 * H KS S C Ji K. 

21. Pressure Points. JMake an obtuse but (‘xtremely fine 
cork ]_)oint (pyramidal in sha]»(* ; for examjde, the jiyramid a 
fpiarter of an imdi squan^ on the base and of (*qual height), 
set it upon th(‘ jxnnt of a jien or other eonveniiuit holder, or 
fise a match Avhittled down to a. fine jioiut., or even a needle. 
Uhoose an area on the fore.-arm and tisst for its jiressure 
spots somewhat as for the hot and cold spots, but this time 
set the cork ])oint as lightly as ])ossIble on ])oint after point 
of the skin instead of drawing it along. Two kinds of S(‘n> 
sation will Ix' felt; at some points a (d(‘a,r I'eeling of.(X)]itact 
with a shai']) j)oint will b(*, hdt, at others no feeling at all, or 
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a dull and vacuous one. The first are the pressure jioints. 
Cloldsclieider describes their s(*iisations on liglit contact as 
delicate,'’ “ lively/’ “ some wliat ticklint]^ . . . as from mov- 
ing a hair ; ” on stronger pressure, “ as if there were a r(‘sist- 
an(*e at. tliat ])oint in the skin, which worked against the 
pressure stimulus ; ” as if a small liai’d kermd lay there 
and was })r(‘ssed down into the skin.” 

Th(i first are said to l)e more sensitive to small changes 
of pressure, and though with sulhcient increase both give 
])ain, their sensations rc'tain tlieir characteristics. Tlu*y aa*e 
(dos(‘r together than the tempm-ature sj)ots, and harder to 
locate. The liict that our most rre(pient s(Misations oL‘ ])r(‘s- 
sure are from surfac(‘s and not from ])oints is }>(‘rlui])S the 
n*a.son it is difficult at first to recognize a pressun? (piafity 
in th(‘se sensations. 

( JoUlscheidor, />’, 7(*) ff. 

L-2. Minimal Tressure or Simple Contact. Tind weights 
tliat are just pc'nMUvabh'. on the volar side' of* th(‘. fore-arm 
a,nd on the ti])S of the fingiu's. Try also, if convimhmt, the 
tmnples, forehi'ad, and eyelids. In applying the w(‘ights, 
S(‘e that tlu‘y are brought down slowly ujion the surface of 
the skin, that tln*y toudi e(pially at all ])oints, and that 
their ])r(‘senc(? is not betraye<l by motion of the widglit after 
it touches the skin. This can be done by using a ]>enhold('r 
or small rod,Avil.h its tip ])ut through the ring of theAV(*ight, 
for laying it on. C()m]>ar(^ tin* relative stuisibility found liy^ 
this method with that found with Widier’s (*nm]>asses |jj)r 
flu* saane ])aits (Mx. 7) and note that the lalt.tu- reipiires 
discrimination, not mere perception. See also Exs. 2t) and 

;u. 

Aulieri and Xaminler; bloch. 

2^. Txelation of A])]>arent Weight to Ar(‘a of Surface 
Stimulated. Test with the (‘cpial weights of uiuMpial size 
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upon the hand, properly supported to exclude ‘^muscle 
sense.’^ The smaller will seem decidedly heavier. 

24. Discriminative Sensibility for Pressures. Use the 
pressure balance if one is at hand ; if not, have the subject 
close his eyes and lay his hand, palm upward, on such a 
sui)poi‘t as will brill" his arm into a comfortable ])osition 
and make his palm level ; for example, on a folded towel 
placed on a low table or the seat of a cliair. (The matter 
of an easy position for the subject is of cardinal importance 
in all psychological exiieriments.) The nu'thod of expcu’i- 
menting here to be used is that of the Just Obsc'rvable 
Difference” or ‘^Minimal Change;” it may be a])plied as 
follows *. Lay in the subject’s palm a piec,e of thick and 
soft blotting-paper just large enough to ])re.vent tlie weight 
from toiudiing tlie skin. Place the standard weiglit of 100 
grams upon the paper and allow it to remain a sufficient 
time for the subject to get a clear perception of its weiglit. 
Then remove it and immediately j)ut in its place a w(*ight of 
110 grams, allowing that to remain as long as tlu^ first. If 
the subject can recognize this differenc.e easily and surely, try 
liim witli loo, 108, and soon, alternating the standard w(‘ight 
and a weight to bo compared with it till a weight is found 
that is just recognizably different from the standard. If 
110 grams is not recognizalily diff’erent, take 111, 112 in- 
stead of 101), 108. Occasionally follow the standard Avith 
another 100 gram Aveight to guard against illusion on the 
part of the subject. After having determined the just 
ofiservably greater Aveight, find the one that is just obserA^- 
ably lighter in the same Avay. Make a good number of 
d(?terminations of these just observably heavier and lighter 
Aveights, sometimes going toAvard . the standard and some- 
times away from it. Take the differences between them and 
the standard Aveight and average the results. The ratio of 
this average to the standard Avill be a measure of the dis- 
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criminative sensii)ility required. If, for example, the ratio 
for one subject is 7 : 100 and for another 14 : 100, the first 
has a sensibility to ])ressure ditfereuoes twice as acute as 
the second. In half of the tests, both above and below, the 
standard weight must be placed upon the hand first, and in 
half the weight to be compared with it. It is well also to 
distribute the dettunii nations of the differences above and 
below so that they shall be about equally affected by 
practice and fatigue. The aim should always be to keep all 
the conditions of the experiment as (constant as possible 
and especially to have them the same for the weights to be 
coini)ared. ]>e careful in putting on the weights that the 
subj(‘ct does not recognize a difference in the force with 
whicli they strike; also that suggestions by difference of 
tcmiperature or hy sounds made in selecting the weights 
are avoided. 

It is easy to see that this method has some disadvantages. 
Tirst, it leaves to the feeling of the subject what the just 
observable difference is, and this feeling is liable to change 
from sul)Jec,t to subject and in the same subject at different 
times. In using this method the subject must know the 
direction of the change that he is to recognize, and so is 
somewhat exj)osc*d to the influence of expectant attention. 
And finally, when weights are found that are just observ- 
ably different, it is possible that they are a little larger than 
the subject could just recognize ; that is, that he has allowed 
himself a small margin for security. These difficulties may 
be partially obviated by a more rigorous ax)plication of tlf^ 
method. 

Thus in making the tests for the just observable differ- 
ences above and below, weights must first be taken that are 
not recognizably different from the standard, and must then 
be slowly increased or. decreased till just observably different. 
Subjective equality must be regarded rather than objective 
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equality, if tlie two are at odds, as sometimes happens. To 
tliese tests two otliers must be added; namely, for the just 
?^/K)bservable differences above and below, the operator now 
sele(iting a weight that is clearly heavier than the standard 
and de(*,reasing it gradually till it can just no longer be 
recognized as different, and similarly selecting one that is at 
first clearly lighter than the standard and increasing it till 
it seems the same. The average of the four tests, just 
Becognizably different and just w/n*ecognizably diffenmt, is 
then taken for the ratio. When great accuracy is recpiired 
the method must be used in this com])lete form. For other 
methods and fuller literature, see the chapter on Weber’s 
]jaw below. 

Wcbor, 548-549; Wundt, 8te Aufl., T., 848 ff., 850; 4tc Aiifl., T., 
880 f., 841 ff. 

2/). Temperature and Pressure. Cold and hot bodies feel 
heavier than bodies of equal weight at a normal temperature. 

a. For cold, take two dollar j)ieces, warm one until it 
ceases to seem cold ; cool the other to 10° C. A])ply alter- 
nately to the |)alni of the hand, letting the hand rest, mean- 
while, on the table or some other support so as to exclude 

muscle sense.’’ The cold one will seem much heavier, 
ptu’haps as lieavy as two at the normal temperature. The 
same experiment may be tried on the forehead with the head 
supported. 

h. For heat take two wooden cylinders of equal weight; 
heat one to a high temperature by standing it on end in a 
feietal vessel floating in a water bath. A])])ly the cylinders 
on end alteiaiately to the back of the hand (supj)orted) be- 
tween the metacar])al bones of the thumb and first finger. 
The hot one will seem heavier. 

Weber, 512, 551; Szabadfoeldi; Funke, 820; Dessoir, 804-800. 

2C). Vressure Evenly Distributed over a Considerable Area 
is less strongly felt than ])ressure upon an area bordered by 
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one that is not pressed. Dip the hand up to the wrist into 
water (or, better still, into mercury) of normal temperature, 
and notice that tlie sensation of pressure is strongest in a 
ring about the wi*ist at the surface of the water ; possibly 
stronger on the volar than on tlie dorsal side. The ring 
('fl\M*.t is unmistakable when the hand is moved up and down 
in the water. 

27. Pressures are not E(pially well Perceived in all Parts 
of the Body. This may be tested with w(nghts ajiplied some- 
what as ill Ex. 24, as was done by Weber, but a simjder 
exjierinient may be made as follows : Find the pulse at the 
wrist ; feel it with the linger tips, the back of the lingers, 
tlu^ side of the hand, tlie other wrist, the li]), and the tip of 
the tongue. Try the ])ulse in the tem])le with the linger 
tips, the side of the hand, and the fore-ai*m. Notice that 
when it is felt by another jierson the ex})erimenter is unable 
to feed it subjeutivcily. 

(ioltz. 

2<S. Kehnememt of Active Pressure Sense. Something of 
tli(^ I'etimmumt of the jiressure sense in pen^eiving the un- 
evenness of surL'aci;s may be found by laying a hair on a 
])late of glass or other hard, smooth surface and over it 10 
or 15 slieets of writing-jiaper. The position of the hair 
can easily be felt by passing the linger tij)S back and forth 
over the pa])er. 

20. The Hairs as Organs of Touch. The finest hairs’ 
res|)ond with a distinct sensation of anticijiatory tou^h, 
wlien they are movtul, a,nd jirobably this accounts for a part 
at least of the ditlerences between the foiH^-iirm and finger 
tips found in Ex. 22. Touch a few single hairs and observe 
the sensation. 

Blascliko. 

^ 30. 4die Feeling of Traction or Negative Pressure has 
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been discriminated by some authors, but has rarely been 
made an object of experiment. It is to be observed when 
viscid substances are handled, when a portion of the skin is 
brought over the mouth of a closed vessel and the air ex- 
hausted, or when in any other way the skin is lifted from 
the underlying portions of a member. The sensation may 
be studied qualitatively by passing a thread through a 
small bit of court-plaster, knotting it on the gummed side 
and sticking the plaster to the skin. Traction on the thread 
now produces tlie sensation. 

Hall and Motora, 93 IT. ; Bloch. 

Gexekal Sensations, Tickle, and Pain. 

These topics, though clearly of very great psychological 
interest, have so far received comparatively little careful 
study, and few experiments have been made upon tluun. 
They are not exclusively dermal senses, but the skin offers 
the most convenient held for tlie study of the two to be 
considered here, namely, tickle and pain. In both the 
experimenter should notice the subjective cast of tlie sensa- 
tions. Our eyes and ears give us information about colored 
and sounding things, but tickle and pain let us know that 
we are being tickled or hurt by something. 

31. Tickle. Two sorts’ of tickle are easily distinguish- 
able, a deep-seated tickle located in the rib region, whhdi 
« seems more strongly developed in children, and res])onds to 
rather strong stimulation, and a superhcial tickle much 
iifbre widely distributed, and responding to slight stimuli 
only. The latter sort is that regarded in this group of 
experiments. 

a. Touch very lightly the different parts of the face, es- 
pecially about the eyes, the margin of the lips and the 
opening of the ears with the tip of a light wisp of paper 
and notice the tickle sensations. Notice the apparent 
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disproportion between the stimulus and the resulting sen- 
sation, the wide and indefinite irradiation, and the long 
after-image. 

b. Touch tlie same pai-ts as lightly as possible with the 
tip of a penholder or the finger, and then with the same 
instrument while exerting at the same time a moderate pres- 
sure. Notice the difference in effect ; notice also that the 
tendency to rub a tickled surface is a tendency to use a 
greater stimulus to remove the eff’ects of the less. Notice 
also, when feeling a tendency to sneeze, that tlie sneeze 
can 1)0 wholly jjrevented by firm pressure or rubbing of the 
sides of the nose or the adjacent ])arts of the face. 

c. Tickle is apparently a summation phenomenon. Touch 
tlie tip of the tongue lightly with the prong of a tuning- 
fork at rest and notice the after-image, which, however, has 
no tickle in it. Tlien strike the fork and touch it to the tip 
of the tongue. Compare the effects. 

d. The ticklability of adjacent parts of the body is quite 
markedly diff'erciit. Test with the tuning-fork, striking it 
and applying it gently to the tip, sides, and middle of tl^e 
upper surface of the tongue and to the lower surface. 

82. Pain. a. Slow conduction. Tlemove the shoe and 
strike a smart blow with a light rod on the sole of the foot, 
or on a corn; the pain will be perceived noticeably later than 
the first sensation of contact, separated from it perhaps b} 
an almost empty interval. This delay is probably due tc 
the same cause as the secondary after-image of touch mi 
E x. 11. 

b. Temperature pains. A given increase of heat above 
the blood tem])erature is more effective in causing pain thai 
an ecpial decrease. Compare the effects of ])lufiging tin 
hand into water at 10°C. and at G0°. Use a considerable 
quantity of water and do not allow the hand to remain to( 
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long in the water, for its sensibility to pain as well as to 
temperature is decreased by fatigue. 

Experiments on pain can likewise} be made with eleetri(}al 
stimulation and pressure. These are especially suitable for 
determining the relative sensibility of different subjects. 
The first can easily be tried with the sliding induction coil, 
by applying the electrodes to the} siirfacjc} to be tested and 
then gradually pushing the secondaiy coil towards the 
primary till the stimulation becomes painful. For appara- 
tus, sec the chapter on apparatus below. 

Weber, oOl) ff, ; Dessoir, Beaunis, Loinbroso, Mantegazza, Preycir, 80. 
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and the account of pressure stuise apparatus below. On Pain 
in .general, see Pain, Ser. 2, I., hsn2, lOl; Alarshall, 

Ibid. Ser. 1, XIV., 1880, 511; XVI., 1801, :V27, 470; Ser. 2, I., 
1802, :I58, 453; Philomphical Hemcw^ I., 1802, 025; Nichols, 
Ibid. I., 1802, 103, 518. 
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CHAPTER IT. 

Kinaesthetic and Static Senses. 

Tuts group of senses furnishes us data for the perception 
of the positions and motions of our niemhers and of the 
body as a whole, and plays a leading ])art in the perception 
of space. It includes some senses wliose existence or 
efficiency is disputed (Innervation Sense ^ and Muscle Sense), 
and others whose inde])endence has only of late been gener- 
ally recognized (Joint Sense and Tendon Sense). All are 
(dos(dy united with one another and with pressure and 
conta(‘>t, and some are hardly ever dissociat(*d except by 
dise«ase. This (Chapter is necessarily limited to the experi- 
mental side of the subject and to the simpler experiments 
to be found there. Many of the most important psycho- 

^ The term “ innervation sense ” must not be taken too strictly as meaning a 
wholly liKlependont sense of motor discharge, as it InivS often b.een taken. Says 
Wundt, in his last edition (4te Aufl. I., 4iJ5): “Manifold observations make it 
probable that the c**ntral components of the sensations accompanying active 
movements have their origin in the memory-images of movi*ments previously 
executtnl, which i)artly initiate, partly accompany, each voluntary movement. 
Since meinory-imuges possess qualitatively the same sensory content as the 
original perceptions, such central sensations of effort and in<»vement {Kraft- find 
iif'weffuuffsempjindnngen) will und<*r normal conditions blend completely with t^e 
more intense peripheral sensations of tlie same kind; they will, however, produce 
an independent eftect, if from any cause the peripheral sensations fall away. It 
would be proper, therefore, to give up the term “ innervation sensations “ for the 
sensations in question; because it is liable to convey the false impression that 
these are sensations which in and for themselves, without any relation to the 
peripheral components of the. sensations of <*(rort and movement, accompany 
the motor innervation. This assumption, which as a rule has formerly been con- 
nected with the notion of “innervation sensations,” is, however, very improlj^* 
able.” Cf. also p. 431, aud iu the third edition I., p. 405 if. 
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logical problems involve the motor sensations of the eye, 
some of which are considered in Chap. VII. 

Muscle Sense, Kraftsinn. 

Whether there are any specific muscular sensations 
distinct from those that come from other parts of the 
member in motion cannot now be asserted with positive- 
iiess ; but even if there be such, the part that they play in 
our ordinary motor perceptions is probably a minor one. 
The term muscle sense,'^ however, has been used to desig- 
nate the whole group of motor sensations, and is here re- 
tained for that purpose. 

33. Lifted Weights, a. Weights lifted slowly seem 
heavier than the same wcughts lifted rapidly. Lift the 
same weight twice, lifting it first at the most natural and 
convenient rate, and the hecond time very slowly, beginning 
with much less than the necessary effort and gradually 
increasing it till the weight rises. 

b. Lift a moderate weight with one hand and iit the same 
time clench the other sharply. The weight will seem 
lighter than when no simultaneous effort is made. 

c. llepeat Ex. 23, using active lifting instead of j^ressure 
in comparing the weights. 

Charpenticr ; on a, Goldscheider, A , 186. 

34. Discriminative Sensibility for Lifted Weights. 

a. Find by the method of* experiment used in Ex. 24 what 

the just observable difference above and below a standard 
weight of 100 grams, when the weights are lifted instead of 
merely being allowed to press upon the skiru In this ex- 
periment lift the weights successively with the same hand. 
The weights must be placed near together within convenient 
reach, and care must be taken that both are lifted at the 
same rate and to the sanje height. Let the subject lift one 
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weight and then the other, and render his decision after 
once lifting each. Tn half of the trials let the standard 
weight be placed at the left side of the weight to be com- 
pared and be lifted first ; in the other l\^lf let the weight to 
be compared stand at the left and lead in the lifting. 

h. Kepeat the experiment, letting the subject lift the 
standard with one hand, and the comparison weight with 
the other, keeping the same hand for each during each set 
of trials (that is, during a determination of the just ob- 
servable difference above and below), but combining a num- 
ber of sets with the standard in the right hand with an 
equal number in which it is in the left. Pind also from the 
figures the ratios when the standard is in the right hand 
and when it is in the left hand, for use in Ex. 35. Com- 
pare the ratios found in these experiments .with that found 
in Ex. 24. • 

In these experiments the sense of pressure might be ex- 
pcct(jd to co-operate ; but when it is excluded, or put at a 
relative disadvantage, the sensibility for differences of lifted 
weights is not diminished. Weber’s method of excluding 
the pressure sense was to wrap the weights in pieces of 
cloth, and lift them by the four corners together. The 
pressure on these corners can be changed at will, irrespec- 
tive of the heaviness of the weight lifted. 

For fuller literature on lifted weights, see the chapter on 
Weber’s Law below. 

Weber, 540-547 ; Muller und Schumann; James, II., 180 ff., 486 ff. : 
Beaunis; Wundt; Fullerton and Cattell. 

35. Adjustment of the Motor Discharge. After having 
performed the second part of Ex. 34, compare the standard 
weight with a very much heavier weight, e.g., 2 kg., with 
all the circumstances of actual careful judgment. Practise 
this judgment thirty times, leaving a longer time between 
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the individual eoin])aris()iis than between liftings of tlie 
Aveights compared. Then at once return to tlie smaller 
Aveights, giving the standard to the sanie hand as before, 
and to the hand tlijit lias just been lifting the 2 kg. the 
weight to be compared. Not only will the Aveight just rec- 
ognizably lieaAuer bedore seem considerably lighter than the 
standard, but also still lu‘avier Aveights Avill seem so. This 
time the tests must be fcAv, not more than three or four. If 
more t(‘sts are desir(‘(l, practise the comparison of the stand- 
ard and 2 kg. weight again ten times before taking them. 
T>y the })racti(‘.(‘. the nervous centres discharging into the 
muscles that raise the 2 kg. weiglit bec.ome acciistoni(*d to 
a larger disc.harge than that reipiired for the small weights 
and do not at once re-ada,pt themselves, but sup] dy too great 
a discharge. The Aveight iioav rises with greater ra.])idity 
than the standard, and is conseipiently jironounced lighter 
(Midler and S(diumann), or the balance betwi^eu the (‘x- 
tensors and il(*xors that wa,s suited to raising the heaviiu* 
weight is not suited to tlu^ lighter wiught, iind the second is 
pvonounced lighbu* because of the strain in tlu^ extensors 
nec(\ssary to restore the balance (Delabariv). This ex])eri- 
ment seems conclusive', against a well-developed and inde- 
pendent innervation sense; lor if tlu'n*- were any sensation 
of nervous discharge', wc ought te) kne)W when we ge) fre)m 
a very heavy te) a light Aveight that the discharge is elis- 
pre)pe)rtie)nate ; but we (h) ne>t. 

Miillcr mid Scliumann; but cf. also Fullerton and Cattell, lai, 
jind Dtdabarrc. 

Innkhvation Sknsk 

d(). Simultaneeius Move^jnents, '^fhe evidence most fre- 
quently olfereel in support eif a special innervatie)n sense is 
clinical and there'feire beyond the sejope of this courses Ex- 
periments of the^ type of the following have beem brought 
forward, but their inter] iredution has been disputeel. 
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a. Biarul tnent before the blaekboard, Avitli the eyes closed 
and coat off, if it interferes with free motion of the arms. 
DraAv with each hand, using both at once, a conv'-entional leaf 
l)atteni like those in the annexed cut, ilrawing always from 
a to h. In drawing, try to make tlie 
lobes of the leaf* of e({ual size, like 
those in h"ig. 1 ; draw each with a 
single simultaneous “free-hand” mo- 
tion of the arms, that is, draw each 
with a single volitional imjndse di- 
r(‘cted equally to the two sides ; the 
hist point is important, hirst draw 
a pair of leaves, ])eginning them with 
the Ininds before the shoulders at the 
same luught; the rcsidt will be ap- 
proximately like Fig. 1. Next draw 
a i)air Avith one hand about a foot higher than before, the 
other about a foot loAv^er ; the result Avill be like Fig. 2. 

I). l>ring the liands again to the ])osition used in drawing 
Fig. .1, and draAv a pair of leaves having their apices right 
and left. The leaves Avill be symmetrical. Next begin 
Avitli one hand about a foot farther away from the median 
plane than before and the other at it, but both at the same 
level. Draw as before j asymmetrical leaves Avill be the re- 
sult. TIepeat the draAviiig a number of times, sometimes rais- 
ing or extending one arm, sometimes the other. In general 
it will be found that, no tAvith standing the intention to make 
equal movements of the hands, the motions of further eftc- 
tension in the extended arm and of further flexion in the 
flexed arm are too short, and those in the contrary dire(;tion 
in each case too long. I'he argument founded on this ex- 
periment runs as follows : AVe think that our hands execute 
equal movements, when they do not, becjause we are coii- 
scioi^s of Avilling equal movements, and unconscious, or only 



Fig. 1. 
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inexactly conscious, of those actually made. If we per- 
ceived motion of our members by tlie skin, joint, and muscle 
sensations that accompany their motion (as the opponents 
of the innervation sense believe) we ought to know the ex- 
tent to which our hands are moved each time, and not to 
fall into the illusion that we lind in these cxijeriments. 
Cf. Ex. 44tZ. 

Loeb, li, 15 ff. 

37. Illusory Moveiinnit in an Immovable Member. Lay 
the hand palm downward on the edge of the table or on a 
thick book so that the last three fingers shall be supported 
and held extended while the thumb and first finger remain 
free. Lend the first finger considerably at both the inner 
joints, and hold it in position with the other hand. The 
finger-tip is still movable, as will be found on touching it ; 
but it is anatomically impossible to move it voluntarily. 
When, however, the effort is made to move it (the eyes be- 
ing closed), there is a sensation of motion, though no actual 
motion is ])ossible. From this, an inner sense of motion 
(innervation sense) has been inferred. When operating 
upon another suVjj(‘ct, the operator may hold the finger in 
position, and re(piire the subject to execute with the corre- 
sponding finger of his free hand a motion ecpial to that 
which he thinks he makes with the one that is Indd. Ob- 

c serve, however, that the tendons in the wrist move, and 
that there are slight movements elsewhere in the hand. 

^Sternberg; Janies, II., 105, 515, footnote; Goldscheider, -4, 317. 

38. Fender’s Experiment. That the feeling of effort is 
largely, if not entirely, of perijiheml rather than central ori- 
gin, appears from such experiments as the following. Hold 
the finger as if to pull the trigger of a pistol. Think vigor- 
ously of bending the finger, but do not bend it ; an unmis- 
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taka))le feeling of effort results. Ilepeat the experiment, 
and notice that the breath is involuntarily held, and that 
tliere are tensions in other muscles than those that would 
move the linger. Itepeat the exi)eriinent again, taking care 
to keep the breathing regular and the other muscles passive. 
Little or no feeling of effort will now accompany the imagi- 
nary bending of the finger. ^ ^ 

Forrier, 882 if. (English Ed.). 

On Innervation Sense in general, besides the authors already men- 
tioned, see : Wundt, 3te Aull. I., 397 ff., 4te Aufl. I., 423 It’,; James, 
II., 480 ff. ; Goldschoider, A, 200 ff. 


Sknsations op Motion, Joint Sensations. 


39. Passive Motion at the Elbow. Let the subject rest 
his fore-arm fiat upon the arm-board of the instrument 
(bringing liis elbow 
over the hinge), and 
close his eyes. Let 
the operator then raise 
or lower the free end 
of the arm-board 
slowly by pressing 
down or lifting the 
counter weight, and 
require the sultject to 
announce when he first 
perceives the motion 
of his fore-arm. lie- 
cord the angular move- 
ment required to produce a just observable sensation. 
Kotice that the movement seems to be located chiefly in the 
hand. It is extremely important not to mistake the sensa- 
tion of increased pressure or of jar for that of motion. The 
rate^of movement will be found important, and should be 
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kept as constant as possible. The results found in this 
way are rough ; for more exa(it methods see Goldscheider, A, 

40 . Active Movement of the Last Joint of the Finger. 
Tlie joint sensations of the lingers are less line than those 
of the elbow, but are more convenient for demonstration of 
active flexion.* Fasten a x)iece of straw, with court-plaster 
or otlierwise, to the finger-nail of the middle linger, and cut 
it off at siicli a length that the distance from the joint of 
the linger to the (md of the straw shall be 115 mm. With 
that radius 2 mm. corresponds to about 1° of angular meas- 
ure. Rest the hand on a thick book, letting the last joint of 
the linger extend beyond the edge. Set u}) a iiiillimeter 
scale at right angles with the straw. Closer tlie eyes and 
make the least possible flexion of the linger at the last joint, 
having an assistant note its extent on the scale. Close at- 
tention may perhaps be able in both the active and passive 
movements to locate the sensation in the joint, but niorb 
rigorous experiments are required to show its character 
clearly, and to prove its location. 

Goldscheider, A, 

41. Location of Movements, a. Motions on the skin can 
be interpreted either as the movement of an object over the 
surface of the skin, or of the skin over the surface of the 
object. This opens the way for illusions. Have an assis- 

•''tant draw a pencil-point gently across the wrist or the finger- 
tips of the observer, who sits with closed eyes. A tendency 
to interpret the sensation as motion of tlie wrist or finger 
will be observed. The hand and arm must be held free, so 
that the illusion may not be corrected by the presence of 
other touch sensations. 

b. With the eyes closed, move the wrist or finger over 
a stationary pencnl-point. In this case the jioint also seems 
to be in motion in a direction contrary to that of the h^Lii^. 
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c. When the movement may be interpreted as belonging 
to either of two members, it may be credited to the more 
mobile of the two, or may be sliared by both. Kest the 
linger lightly on the forehead ; then, taking pains to keep its 
position fixed, move the head from side to side. There is a 
strong tendency to credit the motion to the finger and arm. 
Hold the last three fingers close together, and move the first 
away from them and toward them again. All will seem to 
niov(^, but the last three in an opposite direction to the 
first. 

d. Ex. 4 above is an experiment on the location of move- 
]uents as well as of touches. If the cane is swung so as to 
(les(U‘ib(} tlie surface of a cone we are conscious of the path 
described by its point, as well as that of the liand holding it. 

( -1*. Mx, 39 where the motion of the whole fore-arm and 
Jiand is credited chiefly to the latter. 

Vierordt; on c, (foldsch cider, y 1, 181 ff. 

42. Interrupted Extent may seem smaller to a moving mem- 
ber than uninterrupted. In a piece of cardboard make three 
])in-hoh^s in aline se])arated by spaces of an incli and a lialf. 
Fill one of the spaces with ])in-holes a (piarter of an inch apart. 
Turn tlie card over, close the eyes, and move the finger-tip 
across* tlie little eminences made by the pin-holes. Tlie 
illusion seems more marked when the finger moves over the 
interrupted half of the line first. Examine the card visu- 
alh% and notic(i that the visual illusion is in the directly 
o])])osite sense. As in the similar touch experiment above 
(Ex. 8) the results are apparently not ecpially clear for all 
ohstuwers. 

James, U., 250. 

Sensations of Beststance. 

43. Tllusory Resistance, a. Hold a heavy weight by a 
string so that it hangs, with the arn> extended, a few inches 



34 LABOBATOItY COUBSJB IN PSYCHOLOGY. T;44 

above the floor, or better, have the string placed in the 
hand by an assistant so that the length of the string may 
not be known beforehand. Lower the weight rather rapidly 
■ till it ‘rests on the floor or other support. As it strikes, a 
sensation of arrest will be perceived, somewhat as though 
the hand were suddenly supported by a light rod. The illu- 
sion is even more marked when the string, instead of being 
held in the hand, is fastened to a small rod, and that is 
held. The disturbing noise of the weight may be obviated 
by having it come to rest on a cushion or in a box of sand. 
The illusion is due to the unexpected strain put ujx)n the 
muscles that lower the arm by the tension of those that have 
been holding the weight. This feeling of arrest is prob- 
ably a joint sensation. To distinguish this sensation from 
the motion sensations of the joints, Goldscheider has called 
it a ^^joint-pressure sensation.’’ 

h. When the movement of the rod is continued downward 
beyond tlie point at which the sensation of arrest is felt, a 
certain difficulty of movement may still be observed, as 
though the rod were moving through a resisting medium. 
This sensation (ioldscheider distinguishes from, the sensa- 
tion observed in a, believing it to be the true sensation of 
difficult motion (of weight and heaviness also) and credit- 
ing it to the tendons. 

c. Notice something similar to b in pouring a quantity 
« of mercury rapidly from one vessel to another. ^ 

It is evident that such illusions as these speak against 
tlfe existence of an innervation sense in the common accep- 
tation of the term. 

Goldscheider, A, 104 ff., 1Y2 If., J); on &, A, 188; Mach, A, 70 f(. 

Bilateral Asymmetries of Bosition and Motion. 

44. Apparently Symmetrical Motions of the arms. In all 
the tests of this group, the subject should be kept in ignor- 
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ance of the nature and amount of his errors till the tests 
are finished. 

a. Hold an ordinary cork between the thumb and first 
two fingers of each hand. Close the eyes and bring the two 
corks togetlier at arm^s length in the median plane before 
the face, having an assistant note the approximate amount 
and direction of the error. The corks should bo brought 
together rather gently, so as not to betray the character of 
tlie error to tlie operator, but the motions of the arms by 
Avhicli they are brought up nearly to conta(;t should be free 
and sweeping. The error will probably be found rather con- 
stant in direction until the operator learns to correct it. 
Try bringing the corks together above the head, and also in 
asymmetrical positions. 

b. Let the subject seat himself at a table with the milli- 
meter scale before him. Set a pin in the middle of the scale, 
and biing the pin into the median plane of the subject and 
make the scale x>arallel to his frontal plane. Let the sub- 
ject place liis forefingers on either side of the pin, and, with 
closed eyes, try to measure off equal distances by moving 
both simultaneously outward along the scale. Note the 
result in millinietors ; for this it may be convenient to mark 
the middle point of the finger-nails with an ink-line. A 
constant excess in the motion of one hand or the other will 
often be found. It is important that the subject should not 
open his eyes till his fingers are removed from the scale; 
for he will find it difficult not to correct liis error if he 
knows its nature. The finger-tips should rest lightly (5n 
the scale, and the motions should be made from the shoulder 
by a single iinpulse ; if tliey are too slow, and the subject 
attends to his sensations of position, the errors will be small 
and uncertain. The left hand, it is said, generally makes the 
greater excursion in right-handed persons not mechanics. 

c. Kepeat the tests, having the motions of the hands made 
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successively instead of simultaneously. The constant differ- 
ence between the hands will probably not ap])ear. 

d. Let the subject start witJi ids riglit and left liand each 
20 cm. toward its own side of the median plane, and try 
to measure off e(pial distances on citlier side of those 
points, moving botli liands at once in tlie same direction. 
Distances inward will be made too large, distances outward 
too small. In all these experiments Avdth ('losed eyes W(‘- 
seem inclined to judge dista.nce rather from the intention 
of equal motion and tlui continuance of motor sensations 
for equal times, than from the actual i)eripheral sensations. 

The judgments of syjnmetrv of ])ositioiL and motion rest 
upon very com])lex combinations of tin*. d(U‘mal and kin- 
sesthetic sensations, a.lready made the subject of experiment 
above. As a result of this comph^xity the (^x])erirnents of 
this group will be found to give ratlier variable r(‘sults, 
from one subj(5ct to another, and in the same subject at 
different times. 

Hall and Hartwell ; Loeb; Delabarrc; Bloch. 

Kkooonittox of thk Ib^siTiox of TifF Body as a AVifole. 

45. Recognition of Direction. In this experiment it is 
especially d(*siral)le that the sTdjjec^t should know {is little as 
possible of the j)ur|>ose of the experiment. (I{iuse him to 
stand erect with his hac^k against a w{ill. (dioose a point 
<•011 the op])osite wall about the ludght of his shoulders. Let 
him look {it it, and then reejuire him, having clos(*d his eyes, 
t(f point to it {IS exfictly {xs possibh) with a light rcnl lield 
symmetrically in both liands. Cause him also to liold the 
rod vertically and horizonUlly in tin*, median phine; also 
horizonbxlly jiarallel to the frontal jFhine. All these he will 
probably be able to do with inuedi aecurac-y ; or if, {is some- 
times happens, he shows a personal equation/’ Ids error 
will be constant. 
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a. Cause the subject to repeat the experiment, this time 
turning his head as far as possible to the left after closing 
liis eyes, taking pains to keep his shoulders square, llepeat, 
causing the subject to turn to the right. In both cases an 
error will be observed, the siibje(;t pointing too far in a 
direction opposite to that of the turning of the head. The 
snbjecjt will be able to hold the rod vertically, or horizontally, 
without error. Cause the subject to hold the rod in what 
h(i thinks is a horizontal position, in the median plane when 
his head is thrown well back ; when bowed well forwjird. 
Illusions like tliose observed above, affecting directions in 
the ])lane of movement ol* the head, will result. Cause the 
subject to hold tln^ rod in what he thinks is a horizontal 
position, parallel to the frontal plane, when his head is 
bowed to the right ; when bowtid to the left. Illusions sim- 
ilar to those in tlie previous experiments will ap].>ear. In all 
tlujse cases judgment of one cardinal direction in space alone 
is affecded ; the otlier two show little or no errors. 

h. Kepeat the first part of experiment a ; but instead of 
having the subject point to the designated object, have him 
walk toward it, keeping his shoulders square, his eyes shut, 
and his heai tnmed to one side. Tie will walk more and 
more too far toward the side away from which his head is 
turned. 

c. The illusion is due, at least in the case of turning the 
head about a vertical axis, to the position of the eyes ; the 
eyes turn farther than the head in the direction in which 
it is turned, as may easily be observed upon any other per- 
son. From the eyes we judge the position of the head, and 
thus over judging it, point too far in a contrary direction in 
trying to point to the required object (I)elage). The illu- 
sions can be produced l)y motion of the eyes alone. Holding 
the he^ erect, and taking pains not to move it when moving 
the eyes, turn the closed eyes as far as 'possible to the right 
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or left, and then try to point to some determined object. An 
error like that in a will be observed. Turning of the eyes 
upward or downward has a doubtful result. Instead of 
closing the* eyes, they may be kept open if an opaque 
screen is held close before the face. Kepeat a, voluntarily 
turning the eyes as far as possible in the direction opposite 
to that of the turning of the head. The original error will 
l)robably disappear, or be found to have changed its sign. 

For this illusion another eye explanation is suggested by 
Breuer, namely, tliat in such extreme turnings of the eyes, 
their actual position - does not correspond witli the intended 
position, but comes sliort of it. We infer the direction, 
however, from the intended position, and tlius fall into the 
error in pointing. For the illusion in other ])ositions of the 
head and even for this, his own preferi’ed explanation is 
again different, and is partly based on the following experi- 
ment. 

d. Close the eyes, and toucli the tip of the nose or the 
forehead with a pin or a pencil while the head is in the 
usual position, and after a little try* to touch tlie same spot 
again. The error, if any, will be very small. Eepeat the 
touch in the normal position, and then turn the head to the 
right or left or incline it toward the shoulder or foi'ward or 
backward. After holding it in the chosen position for half 
a minute, attempt to touch the spot again, (fross errors 
will result till corrected by practice. The error is one of 
underestimation, and should by itself alone produce a result 
directly the reverse of that found by Delage. Breuer, how- 
ever, introduces another factor. His explanation for the 
inclined ])Ositions of the head is somewhat as follows ; by 
means of tlie otolith-aj)paratus of the ear, we get a true 
perception of the amount of inclination of the head, at the 
same time that we get the erroneous perception just men- 
tioned. The only way in which we can harmonize the 



46] KINESTHETIC AND STATIC SENSES. 39 

conflicting perceptions is by altering our judgment of the 
vertical, and with that, of course, of the liorizontal. For the 
movements of rotation about a vertical axis the semi-circular 
canals (See Exs. 47-49) would furnish the knowledge of 
the true amount of turning, and from a similar combination 
of the true and false the illusions in that ease would result. 

This group of experiments, except perhaps the last, when 
tried under the ordinary conditions of the ])ractice labora- 
tory, seems liable to consideraVde individual variation ; but 
sutticient care, especially as to the ])osition of the eyes in 
turning to the right and left, should lead to a tolerable 
degree of success, 

Aubert (Delage), 17 ff. ; Loeb, 20 f., 31 f. ; Brener, 270 fP. 

40. Vertical and Horizontal Positions of the Body. Secure 
tlie subject properly upon the tilt-board, and have him close 
his eyes. Start with 
the board vertical (head 
up). Eequire the sub- 
ject to describe his po- 
sition. He will ])rob- 
ably announce that he 
is then leaning forward 
slightly. As a matter 
of fact he is, if his heels 
are against the board. 

Turn him slowly back- 
ward, and require him 
to say when he seems to 
himself vertical (head 
up), when he seems 
tilted backward at an angle of 45° from the vertical, when at 
an angle of 00°, when at 90°, when at 180°. Two classes of 
illusions will be found : angles of less than 40° will ])rob- 
ably seem too small ; those from 40° t6 60° will be rightly 
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judged ; those beyond 60® will seem too large. The subject 
will say that he is vertical* head downward, when he is yet 
30-60° from it. The subject may be allowed a pillow if he 
desires it. • 

The illusions depend in larg(‘, measure on the distribution 
of ])ressure on the soles and other surfaces of the body and 
the direction of pressure of the movable viscera and the 
blood. 

Aubert (Delago), 40 IT. ; Hreuer, 270 f. 

Sensations of Rotation. 

47. Perception of Uniform Rotations. Let the subject 
be seated ujKm the rotation table with closed eyes, blind- 
folded if necessary, '^rurn the table slowly and evenly in 
one direction or the other. The sul)j(*ct will immediately 
recognize the direction and approximately the amount of 
rotation when the i*ate is as slow as 2° ])er second, or even 
slower. . After continued rotation at a regular rjite the 
sensation becomes nuudi less exact or entirely fails. This 
fact has been general iz(‘d by Maqh in the, law that only 
change of rate, not continuous rotation, is ])erceived. After 
some pauses and short movements in one direction and the 
other, the subject may become quite lost, and give a totally 
wrong judgment of the direction of motion, if it is slow. 

48. Illusion of Backward Rotation. Let the subject be 
seated as before. Rotate him a little more rapidly for half 
a turii^ and then stop him suddenly. A distinct sensation 
of rotation in tlie opi)osito direction will I'csult. Rei)eat, 
and when the illusory rotation begins, open the eyes. It 
immediately ceases. Close the eyes again, and, if strong, it 
again returns. 

49. Location of the Organs for the Perception of Rotation. 

a. Repeat the lirst part of Ex. 48, letting the subject 
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give the word .for stopping. At the same instant let hiiti 
ineliue his hea^l suddenly ba(‘.kward or forward, or lay it 
upon one shoulder or the other. Tlie axis of rotation of 
the* body will appear to change in a direction opposite to 
that of the inclination of the heml ; i.e., if tlie head is in- 
(*liued to the right, the axis seems to incline to the left. 
Tlie feeling is as if the body were rotating in the surface 
of a (*.one in a (ftn^ction contrjiry to that of the first rotation. 
The head dictates the apparent axis of rotatioik The same 
illusion occurs if the head is inclined during the actual 
rotation and straightened at the word for sto])ping. Turning 
the h(‘ad to the right or left introduces no such illusion, 
l)(Hiause it does not change the axis of rotation of the head. 
The. illusion comes out with very disagreeable strength 
when the rotation is rapid, and the subject changes the 
])ositiou of his head during the rotation. 

/*. Let the subject lie upon his side, and rotate him rather 
ra[)idly till the sensation of rotation becomes faint or disap- 
])(iars. Then let him turn suddenly upon his baifk or upon 
his other side. Turning upon his back starts rotation about 
a iie^y axis, and it is lelt in its true sense, while the rotation 
about the previous axis is felt as an illusion in ifs reverse 
sense. The resulting jxu'ceptioii combines both. Turning 
completely over reverses the direction of motion completidy, 
and the combined sensation and illusion produce a corre- 
‘spondingly powerful effect. 

The change of the apparent axis of rotation with the 
(ihange of position of the h(‘ad points to the location in tlfe 
liead of the organ for such sensations. For the ex})eriments 
by which the semicircular canals are indicated as this organ, 
and the arguments pro and con, see the literature cited by 
Aubert, Ayres, and others. 

On the last three experiipents, see : Ayhert (Dclage), 49 ff. ; 
Brow^; Mach; Wundt, 3te Aufl., I., 211 f.; II., 24,139. 
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60. Another Illusion of Rotation (Purkinje’s dizziness) 
is due to involuntary motions of the eyes. *Let the subject 
whirl rapidly on his heels with his eyes open till he begins 
to be dizzy. At hrst objects about liim seem at rest, then 
to be turning in the opposite direction. Let him now stop 
and look at an even surfaced wall while tlie experimenter 
carefully observes his eyes, picking out some clearly marked 
fleck or spot as a point of observation. To the subject the 
sjiirrounding* objects will seem to continue to move in the 
same direction as before ; i.e., in a direction contrary to his 
previous rotation; the ex]>erimenter will see the subject’s 
eyes executing slow motions in one direction (in the direc- 
tion of the original motion of the subject) alternating with 
rapid motions in the other. Tlie subject himself may be 
able to perceive a corresponding irregularity of motion in 
the spots upon the wall at which he looks. Tie can easily 
observe the motions of his own eyes if he looks fixedly for 
twenty or thirty seconds at a flame or a strip of white paper 
in a bright light before beginning his rotation ; the after- 
image (see Chapter V.) thus produced remains fixed on the 
retina, and its apparent movements betray the motions of 
the eye. If tlie eyes are closed after the rotation, the image 
will seem to move iiv one direction, and rather slowly. The 
illusion rests upon the subject’s unconsciousness of the. 
slow motions of his eyes. It is probable that these eye 
motions and the sensations of attempted restoration of equh 
librium in other parts of the body are reflexly caused by the 
disturbance in the semicircular canals. 

It should be noticed that this illusion is the exaKjt 
reverse of that found with closed eyes in Ex. 48. There the 
subject feels a rotation of his own body contrary to that it 
previously received. If he was turned at first in the direction 
of the hands of a watch, on being stopped he would seem to 
be turning in a direction contrary to the hands. I^ tl^ese 
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motions were transferred to objects about liim, they would, 
during the rotation, seem to move^ contrary to the hands, 
and after stopping, in the direction of the hands. In the 
Purkinje experiment the motion of objects is not thus re- 
versed. 

Those who try these rotational experiments should do so 
with ca.ution, for the unpleasant effects of them sometimes 
last several hoKrs. 

Aiibert (Delage), 52, 100 ff. ; Mach. Aubert reprints Purkinje’s 
paper on dizziness as an appendix to the translation of Delage. 

Sensations of Progressive Motion. 

51. Progressive motions, so far as they do not involve 
rotation, probably give us combinations of sensations from 
several ditt’ereut sources. Tlie principle holds for progres- 
sive motions as for rotations, that wo perceive changes of rate 
of motion, and not uniforHi motion ; as long as the motion 
remains uniform we can by an effort of imagination conceive 
ourselves to be movingdn either direction or to be standing 
still, except for what jarring tliere may be. The apparatus 
for the study of these phenomena will be found in railroad 
trains and elevators. See also Mach for special laboratory 
apparatus. 

Aubert (Delage), 75 ff.; Mach; Brown; Brcuer, 283. 
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CHAPTER HI. 

Sensations of Taste and Smell. 

These sensations are of secondary importance in psy- 
(diolojry, and liav(‘- reeeiv^ed a correspondingly small share 
of invc^stigation. Jn sul:jeetive quality they seem to stand 
midway between the general senses mentioned at the end 
of Chapter 1. and the higher senses of Hearing and Vision. 

Sensations of Taste. 

52. Tastes and Smells. Much of what is commonly 
called taste is really a combination of taste with smell and 
with touch in its various forms. With the nostrils held, try 
to distinguish by taste alone between small cpiantities of 
water and a weak solution of essence of clove in water. 
A discrimination that is easily ])ossible with tlie nostrils 
open is dilhcult or impossible with the nostrils closed. 
The solution should not be swallowed, for then the olfac- 
tory region may be reached from the back of the nose. 

53. Distribution of the Organs of Taste, a. Using the 

weaker taste solutions, and operating upon yourself with a 
mirror or on another person, find out as nearl}^ as you can 
in what part of the tongue the strongest sensations are pro- 
duced by each. Test the tip, the sides, the back, and the' 
middle, putting the solutions on wdth a camers-hair brush, 
and rinsing the mouth as often as necessary. Try also the 
hard and soft palates. ^ 

Dry the tongue with a handkerchief, and test the in- 
diyidiial fungiform papillae with the stronger solutions, 
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applying them with line eamel’s-hiiir ])encils. It will he 
found possible to get taste sensations from the single 
papilla^ though perlia|)s not all four from each, llinse the 
nioutli as iieedt‘(l. Test the surface of the tongue between 
the papilhe and o])serve that no taste sensations follow. 

a. Uittnioyor; ?>. Oehrwall. 

54. Minimal Tastes, a. Find what is the greatest dilution 
of the weaker solutions in whi(*h the chara(d;eristic tastes can 
still be recognized. 44ie. same quantity, e.g., half ateaspoou- 
ful, should be taken into tlie mouth at each trial, and may 
be swallowed with advantage. Ivinse the mouth thoroughly 
as required. The following are the averages ])i‘o portions 
found by Hailey and Nichols for male observers: (hnnine, 

1 : ,190 000 ; Sugar, 1 : 199 ; Salt, 1 : 2210 ; for Sulphuric- Acid, 
wdiich they used instead of Taitaric, the proportion was 
1 : 20<S0. 

The intensity of the sensation and the greatest dilution 
still tastable depend on the number of taste organs stimu- 
lated. Take a portion of one of the solutions of just tast- 
able strength, found in ^/, add an equal quantity of water, 
and take a large mouthful of the mixture. The character- 
istic taste will still be perceived, perhaps more strongly 
than l)efore. 

a. Bailey and Nichols, A; Lombroso und Ottolenghi; Cainerer, A. * 
t b. CvanKircr, IL 

55. Discriminative Sensil)ility for Taste. For a rough 
determination, test with solutions of sugar, taking first a 
small quantity of the standard 20% solution, then an equal 
quantity (the ecjuality is imixutaut) of one of the weaker 
solutions, or first one of the weaker and then the standard, 
until a solution is found that is just recognizably different 
from the standard. Make this determination sevei^al times. 
The excess of sugar in the standard solution ovev tjie 
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amount in the solntioii just observably weaker, set in a ratio 
to the total percentage' of sugar in the standard, measures 
the sensibility. Some experimenters may be able to dis- 
tinguish the 18% f]*om the 20% solution; their sensibility 
would then be ex 2 )ressed by the ratio 2 : 20. 

lua^pler. 

no. Eleetric.al Stimulation, a. Using a constant current, 
fro]ii a single (Irenet C(dl, for exanij^le, and two small zinc 
el(Mdrodes, one a])|)lied to the inner surface of the under lip 
and the other to the tongue, notice the sour taste at the 
positive 2 )ole and the alkaline at the negative. 

Von Vintsoligau, 181 IT.; Oohrwall; Hermann. 

Sensations of Smell. 

07. Minimal Odors. The keenness of* smell may be 
test(Ml with dilute solutions of odorous substances or with 
the olfactometer. 

a, Ti!st with soluthins. Pour small .quantities of the 
solutions of oil ’of cloves* into little witle-moutlied bottles, 
Idling each to about the same height. Mark all in an in^ 
conspicuous manner. Set the bottles a foot a^^art on a 
table in a ])lace wliere there is moderate circulation of 
air, in the (mhu- of the strength of their solutions?, be- 
ginning with the water and following with the weakest sp- 
lutJon and so on. Ilequire the subject to smell of the 
bottles in succession without lifting them from the table 
l)(‘ginning with the water, and to indicate that in which he 
first recognizes a characteristic odor. If the solutions stand 
for any length of time where? they are sub ject to eva])oration, 
it will be safer to ])repare fresh ones lief ore undertaking a 
new test. Other precautions will suggest themselves, such 
as the use of similar bottles, and care in filling them that 
3ion§ of the solution is left clinging near the mouth. 
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b. Test with the olfactometer. Test the sides of the nose 
separately. Push the odor-tube on till its end is flush with 
that of the glass tube, insert the bent end of the latter into 
"the nostril, and gradually lengthen the exposed surface 
of the odor-tube till its odor is just discernible. Note in 
millimeters the lengtli exposed. 

a. Bailey and Nichols, 7?; Loinbroso imd Ottolenghi; Savelieff; 
b. Zwaardemakcr, A and C. 

58. Discriminative Sensibility for Odors. Using the 
double olfactometer with both odor-tubes drawn out far 
enough to give an unmistakable odor, but not too strong a 
one, say both drawn out 5 cm., And how far one or the other 
must be drawn out (or pushed back) to make the odor which 
it gives just observably stronger (or weaker) than that of 
the other. The test should be made witli the sides of the 
nose separately’ (there is frequently a difference in sensi- 
tiveness between the two sides, due to mechanical obstruc- 
tion or other cause), unless for some reason a bilateral form 
of experiment is desirable. Try a number of times, in half 
the tests smelling the weaker before the stronger, and in 
half the stronger before the Aveaker, but be careful to avoid 
fatigue. 

# 

50: Fatigue of Smell, a. Hold a piece of camphor gum 
to the nose, and smell of it continuously, breathing in 
through the nose and out through the mouth, for five or ten 
minutes. A very marked decrease in the intensity of the 
•sensation will be observed, reaching perhaps even to com- 
plete loss of the odor. 

b. It is important, however, to observe that fatigue for one 
substance does not cause obtuseness for all other substances, 
though it does for some. Smell of some essence of cloves 
and of some yellow wax, then fatigue for camphor as in a, 
and smell of the essence of cloves and of the wax^ a^^ain. 
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The odor of the wax will probably be fainter, that of the 
essence of cloves unaffected. 

Aronsohn. 

60. Combination of Odors. Experiment with the olfac- 
tometer on one side of the nose as follows. Hold against 
the end of the rubber odor-tube another odor-tube of wax 
(partly covered on the inside by a glass tube of the same 
size as that used in the olfactometei*), in such a way that 
the air must pass through both to reach the nose. Then 
gradually increase the length of the rubber tube exposed 
till the odor of the wax is no longer perceived. If the* 
experiment is carefully performed, a point may be found 
where the odors nearly balance, if the rubber is length- 
ened beyond this point, its odor overpowers that of the 
wax ; if it is shortened, it is overpowered by that of the 
wax. A mixture of the odors in which both can be defecated 
is dilficult to lind. Care should of course l>e taken to avoid 
fatigue. 

A similar balance of odors was found by Zwaardemaker 
when the doubh? olfactometer was \ised and the two sides of 
the nose received separate stimuli. 

Zwaardemaker, B. 
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P 

CIIAl'TER IV. 

Sensations of Hearing. 

In these experiineiiis a little knowledge of the physics of 
sound is juesupjiosed — as nuicli as would lx*- given in an 
elementary course in pliysics. A v(u*y little knowledge of 
musical notation is also recpiired, but hardly more than 
everybody has. No special inusical skill is neixled except 
in Exs. 70 and h. It is also the autlior’s belief that most 
persons calling tlumiselvi^s unmusical/^ however truly 
they may rate themselves as perfonmu's, are very miu;h 
in error as to their ability to discriminate* musical sounds. 
The greatest difticAilty in some of these exp(‘riinents will be 
found in the (;ontinuous intrusion of outside sounds, and 
some even may have to be tried at* night. 

Sounds in Gkneuau. 

61. Minimal Sounds, a. Experiment in a large room as 
free as possible froi\i noise. L(*t the subject be seated with 
his side, toward the ex]jerinienter, his eyes (dosed, and his 
ear ujion the other side ])lugged with cotton. Let the 
ex])eriim*ntcr tlu*n find Avbat is tin* greatest distance at 
*whi(di th(i subject (*an still hear the tick of a watch h(*ld 
«at tlie level of his ear and on the }>rolongation of the line 
joining the two ears. This is easily done with sufficient 
accuracy by drawing a '(dialk line on the floor, marking off 
feet or met(U‘s and fractions upon it, and estiimitiiig by eye 
the point of the liiu* directly under the watch. Try several 
times for each ear, lx)th when the watch is being brought 
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toward the ear and when it is being carried away. The 
experimenter should from time to time cover the watch with 
his hand to discover whether or not the siiliject really hears, 
or is under illusion. For normal ears the distance found 
may vary from" 2.5 in. to 4.5 m., and may even rise to as 
much as 9 m. 

b. The suhjt^ct sliould notice in this ex])eriment the very 
jiiarked intermitteiices of the sound when just upon the 
limit of audibility. It will for a few seconds be heard dis- 
tinctly, and a few seconds later will as distinctly not be 
lieard. 

c. Faint sounds are apt to be underestimated. l*lacc a 
soundiiig tuning-fork on the head and h‘t the sound die 
away'io almost complete extinction ; then remove it. The 
drop to complete silence will often seenn larger than the 
apparent intensity of the tone would justify. 

On r/, von Bezold, ^l; on />, ITrbantschitsch, A; Tjange; Milnster- 
berg, A; on c, Stumpf, 1., 388, wlio quotes from Feehner. 

()2. Discriminative Bensibility for Intensity of Bounds. 
Exact ex])eriinents on tfiis topic are difticult to make, be- 
cause of the very great dilticulty of determining o\)jeetively 
the intensity of the sounds used. A rough determination 
can easily be made, however, with the sound ]>endulum (see 
chapter on apparatus). Ohoose a fbedinm sound as a 
standard, and V)y the Method of »Just Observable Difference 
explained under Ex. 24, find a sound that is just recogni- 
zably different from it. The discriminative sensibility is 
very much finer, apparently,. wlien the (piestion is not one 
of recognizing a difference, but of locating a sound as right 
or left of tlie median ])lane. Cf. Ex. 101 and Rayleigh. 

Wundt, 3to Aufl., T., 3(54 ff. ; 4to Aufl., T., 3(50 tf. ; Stumpf, I., 345 ff. 

03. Auditory Fatigue, rr. Cause an assistant to strike 
once with a hammer on the tlooiy or to clap his liands. 
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With the ears open a single sound, or at most a single sound 
and transient echoes are heard. If, however, the ears are 
kept closed with the fingers till half a second or more after 
the stroke (the time may easily be fixed by rapid counting), 
the fainter echoes will be heard on the opening of the ears, 
like a new stroke. In the first case, fatigue from the origi- 
nal sound deadens the cars to the fainter echoes, though 
they may still be heard by attentive listening; in the 
second (^ase they are more strongly heard because tlie closed 
ears are unfatigued. ''Fhe sound produced by the simple 
opening of tlie ears witliout any objective stroke will be less 
if tlie finger is not put into the ears, but presses the tragus 
back upon the opening. 

b. Strike a tuning-fork, press the stem firmly upon the 
mastoid ])r()eess, or the crown of the head, and hold it 
there till the tone is no longer heard. Then instantly 
remove it, and after a second or two replacje* it upon the 
same spot, taking pains to ])ress no harder than before. 
The fork Avill be heard again sounding faintly. The cxperi- 
ni(*nt may not succeed at first, but a few trials should not 
fail to sliow the effect. 

e. Insert in the openings of the ears the ends of a rubber 
tube. Strike a tuning-fork and set it upon the tube at such 
a j)oint tliat it sounds equally intense to the two ears. 
The sound will then ])robably ap])ear to be located in the 
head midway between the ears — at least not nearer one 
than the other. After a few seconds strike the tuning-fork 
again, yiinch the tube on one side, say the left, so as to shut 
off the sound from the ear on that side, set the tuning-fork 
at the proper place on the tube and keep it there till the 
sound has becjome rather faint. Then allow the pinched 
tvd)e to oyieii, and notice that the sound is now stronger on 
the left than the right and apparently located on the left. 
Try the experiment in reverse form, pinching the tube on 
the right. 
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Cf. later experiments on the analysis of compound tones 
by the fatigue method, Kx. 89 r. 

Stunipf, 1., ;]00-3Go. On «, Mach; on Corradi; on c, Urbant- 
scliitsch, /h 

04. Inertia of tlie Auditory Apparatus, a. Inertia tend- • 
ing to kee]) the auditory ap])aratus out of fuiuition can be 
(leiiKuistrated jis follows. Place the ends of a nibber tube 
in the ears, and set upon tlie middh^ obit a low tuning-fork 
sounding as faintly as possible. Notice that tlie sound does 
not reach its maximuni intensity for an appreciable length 
of time ; it the fork is ba.rely audible, this may be as much 
as a S(‘Cond or two. Be careful not to increase tlie pressure 
of the fork iijion the tube after first Slotting it on, for that 
will produce an obji'ctive strengthening of the tone ; and 
allow ail interval of several seconds between the tests so 
that the auditory apjiaratus may again come completely to 
ri‘st. A tunirtg-l'ork that will preserve these minimal vibra- 
tions for some seconds, and complete freedom from distract- 
ing nois(iS, will be found necessary for success. 

Inertia tending to ki'ej) the auditory ap]>aratus in func- 
tion (positive auditory after-images) can be demonstrated as 
follows. Fasten upon the front of a rather solid pendulum 
a small tuning-fork, so that it shall project forward at right 
angles to tlu*- jiendulum bar and the tines of the fork shall 
be vertically one above the other. On the three arms of a 
V-tube attaijh three pieces of small rubber tubing, say quar- 
ter inch outside nieasuremeiit. Those fitting on the upper 
arms of the Y should be of the same length, that fitting iqxm 
the sbrni may be of any convenient length. Insert the free 
end of the last mentioned tube in the outer passage of the 
ejir, and hold the tips of the other tubes about half an inch 
apart, o|)en end iqnvard, in such a way that the tip of the 
tuning-fork, as the pendulum swings, will pass close over 
them. ^Strike the fork with a small rubber hammer as the 
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pendulum swings and notice the sound ])roduced by the 
fork as it passes the ends of the tube. If a single (3ontinu- 
ous sound is lieard, separate the tubes a little ; if a double 
sound is heard, bring them together ; and thus by shifting 
them back and forth hnd the place where the sounds just 
fuse into one. The auditory disturbance occasioned by the 
first pulse of sound outlasts the interval between the two, 
and blends with the second. Move the ])endulum slowly 
over the end of one tube and then of the other, meantime 
pinching the tube over which the fork is soiindiiig, to con- 
vince yourself tliat the tone is not heard at substantially 
the same instant in both tubes. Tt is possible from the 
rate of the pendulum and the se})aration of the tubes to lind 
approximately tlu^ length of time through wliich the sensa- 
tion persists. 

c. Sometimes it is jx>ssible to get more lasting after-im- 
ages and even those that are recurrent. Tiy with a tuning- 
fork struck and held a few seconds before one ear. Stop 
the fork by touching it, without removing it from the ear. 
The aft(?r-i image is not very easy to observe; tlie lowt^st 
degree of it seems to be tin; transforming of faint outer 
noises into something cpialitatively like tin; tone lieard, or 
perhaps a selection of certain of those nois(*s. The usual 
interval between the stimulus and the aft(;r-iniage is under 
fifteen seconds. Tlie number of recurrences of the after- 
image differs in different svd)jects; for Stum[)f, they seem 
to come by preference in tin; unstimulatial ear. 

Stunipf, 1., 211 ff, 278; Ur))antscliit*scli, C. For mctliods of (U^in- 
onstration permitting more accurate measurement of the p(;rsisteiice 
of tone, see IJrbantseliitsch, C', and Mayer, A, 

G»5. Noise. Wh(;ther or not there is a distiiictive sensa- 
tion of noise dilferent from that ()f a mass of short, disso- 
nant, and irregularly changing tones, is yet under debate. 
A little attention to the noises constantly occurping, esjie- 
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fially to their pitch, will easily convince the observer that a 
tonal element is present. This is striking when resonators 
(ci‘. nott‘-s on apparatus for simultaneous tones) are used, 
for they pick out and prolong somewhat the tones to which 
they correspond, but they are hot indispensable. On the 
other hand, Jittention to nmsical tones will often discover 
th(‘ presence of accompanying noises. 

Wiimlty :>to Aufl., T., 420; 4te Aufl., I., 447 f; Stumpf, II., 497- 
515; Briickc; Exiicr; Macli, 7i, 117. 

()G. SileiKje. When cinuimstances promise absence of 
external sounds, notice that many are still present and 
distinct, tlurngh faintly h(‘ard. Notice also the pitch and 
clianging characiter of the subjective sounds to be heard. 
Our nearest ap])roach to the experience of absolute stillness 
is this mass of faint inner and outer sensations. 

Preyor, A, 07-72; Stumpf, L, 880 ff. 

Single and Slicoksstve Tones. 

G7. Highest 4'ones. With the apparatus at hand for the 
fuirpose, find wliat is tlie highest audible tone ; i. e., if the 
(‘jlinders are used, the shortest cylinder which still gives a 
ringing sound when struck with the hammer, or if the whis- 
tle is used, the closest ])osition of the ])lunger at which a 
tom* can still be lieard b(*side the rush air. If a number 
of persons are tested, it is not improbable that some will yet 
Innir the tone after it has become inaudible for the rest. 

Same references as Ex. 08 

G8. Lowest Tones. If low-pitched tuning-forks or other 
vibrators are at hand, find what is the slowest rate of vibra- 
tion that Clin yet be perceived as a tone. In some physio- 
logical laboratories electric- tuning-forks or interrupters may 
be found that have vibration rates of twenty-five per second. 
Low^topes can be heard from these, though they have many 
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overtones. The latter can be partly (lani])e(l by touching the 
tines midway of tludr lengtlj with the linger, and ])artly 
avoided by bringing tlie ear not to the free end, but to a 
point somewhat nearer the handle. The determination of 
tlie lower limit of audible pitch is difficult and uncertain 
because of the great difficulty which observers, even those 
of trained ear, lind in distinguishing these lowest tones from 
the next higher octaves. The general character of these 
deep tones (;an be demonstrated with suffi(uent clearness 
upon the (jontra octave of a church organ, if one is 

accessible and tuning-forks are lacking. 

Von Hczold, B\ VV'iindt, Aufl., L, 423; 4te Aull., L, 450; 
Preyer, A and D\ fStunii)f, I., 203, II., 551. 

GO. Some Chara(}teristics of High and Low Tones. 

a. High tones are smoother than low tones. This is clear 
with almost all tones used in music-, and particailarly so witli 
those of reed instruments. The roughness of low tones is 
largcdy due to the beating of their partials aiiipng them- 
selves (see Exs. 8() fF. and 79 ff.) aiid even witli the funda- 
mental tones ; tlie high tones having fewer audible partials 
are freer from it. Tlay tlie scale of any instrument from its 
lowest to its highest tone, or sing the ascending scale. The 
dilference of roughness is observable also with simple tones, 
but only at lower ])itch(\s, and is even there less marked. 

h. In spite of the generally accepted fact that high tones 
produce a more intense sensation than low tones of equal 
physical energy, high tones are more readily sup])ressed by 
stronger lower tones than vwe versa, I^lace an ordinary 
clock at a distance of a few feet and hold close before the 
ear a watch. When the watch is near the ear all the ticks 
will be heard. As it is gradually removed, a position can 
be found where the watch-tick that coincides with the clock- 
tick will be suppressed. When both make an equal ipiqiber 



69 ] 


SENSATIONS OF HEARING, 


61 


of ticks to a second, and one gains a little on the other, 
there will occur periods in which no watch-ticks are heard, 
and, alternating with them, periods in which all are heard. 
If the watch beats oftener than the clock and both run at 
tlie same rate, a single watch-tick will be lost at regular in- 
tervals. When the clock is removed, all the ticks of the 
watch can easily be heard at the distance used. The phe- 
nomenon can be observed when the wat(;h is on the opposite 
side of the head from the clock. To dernonstratt? weakness 
of high tones in suppressing lower tones, sound together a 
large and a small tuning-fork on their resonance cases, e. g., 
c and 6*", a", or h'\ sounding the lirst very faintly and the 
siMiond as loudly as possible. The first will still be lieard 
even when the se(?ond is brought close to the ear. In this 
connection compare tlie difficulty of analyzing the compound 
tones in Exs. 86 If., also Exs. 83 h and 84. 

c. Some higli tones are particularly strengthened by the 
resonance of the outer passage of the ear. Thes(^ generally 
li(^ betwefpi and c®, and give to the tones of this octave a 
superior strength and ear-piercing cpuility. Tlu*y may be 
demonstrated easily with a small piston whistle. Find by 
adjustment of the piston the point at which the tone is most 
[)iercing. Insert in the outer ends of the ear-passages bits 
of rubber tubing half an iiudi long (which will change the 
resonance of the passages, making tlieni res])onsi\ e to »a 
lower tone) and sound the whistle again. Tlie jiiercing 
fpiality will be gone and the tone appear decidedly weaker^ 
Uemove the bits of tubing and sound the whistle as before ; 
the original quality and intensity reappear. 

d. Very closely associated with the pure tonal sensations 
are certain of a spatial (piality. Compare in this respect 
the sensations of the tones observed in c above ; or, better 
«till, those of Ex. 67 with those of Ex. 68, or any other 
deep tqnes. Play the scale through the complete compass of 
any instrument, keeping this quality irt mind. 
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e. Under oertaiTi (ioiiditions, low tones seem to be located 
in the head, tones outside of it. Close the ears with 
the lingers and liave an assistant strike a low tunijig-fork 
(e.g., oO vibrations per sec?.), and set the stem of it upon the 
e.rown of the liead ; notice the location. Try the same 
with a liigli fork. 

f. The emotional shading of tones changes with their 
piteh. Kecall tin? descriptive terms used : Deep, low, 
bright, shar[), acute. Dlay the scale, and judge of the ap- 
pr()])ria.teness of these ternik to match the shades of feeling 
th.at mark tin? tones of low, middle, and high ])itch, distin- 
guishing those that refer to ])itch from those enumerated 
in Kx. hO, whi(?h refer to timbre. 

r., 202-220, II., r)0-r>0, 227; also Mach, 71, 120 ff. On h, 
Mayor, />; on r mnl J\ Il(?liiiUoltz, 1.10, 170, and 00 11’.; on </, dames, 
11., lo4tl’. ; on Kessel. 

• 

70. R(H?ognition of Absolute Ditch, a. This ex])eriment 
gives accurate results only with those of V 6 |j^ decided 
musical skill, but it may be trie’d with any subject that 
knows the names of the not€?s. Strike various notes in dif- 
ferent parts of tin? scale of the instrument and require the 
subject to name the note given. Record the not(? struck 
and the subjecd/s answer. He should be seated with his 
ba(!k toward the . experimenter, or should keep his eyes 
closed. 

h. Ditch difference's in the j)erceptions of the two ears. 
Vln? same tone, heard hrst with one eiir and then with the 
othei*, seems to many observers, even professional musicians, 
som(?what different in pit(?h. Take two small rubber tubes 
of equal size and length (e. g., (piarter iin?h tubes, two feet 
long), ])lacc an end of one in the right ear, an end of the 
other in the left, and bring tlie free ends near together on 
the table. Then have an assistant strike a tuning-fqi'kjand 
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present it alternately to the ends of the tubes. The 
{lifferene(i h(‘t\veen tlie two ears is said to vary more or less 
from day to day and to be different in amount for tones of 
different pitch. Such diiferences may be observed by the 
unmusical. 

Stuinpf, I., o0r)-.3l;b also II., index, Ilohennrtrilp^ for exp(‘riments 
on trained musicians; von Kries, 7i; on />, JStumpf, II., f. 

71. Just Observable Difference in ritch. Test as folloVs 
with the set of mistuned forks. ^ Let the subject pick out 
from- the mistuned forks that whi(*.h sounds to him just 
noticeably different from the normal fork, striking and hold- 
ing them, successively (never simultaneously) over a reson- 
aiKiti bottle. If all of them setmi more than just observably 
different, let him put the riders on the one that is next 
higher, and gradually lower the pitch by sliding them 
toward the ends of the fork' till the two forks, heard suc- 
(icssively, are just different and no more. The ex])erimenter 
may then determine the error of the subject in vibrations 
}M‘r secomf approximately by counting the number of beats 
produced by the forks when s(nind(Ml together. If the 
number of beats ])er second is less than 2 or more than 0, 
it will be best to get the difference in pitch with some other 
of the forks first, so as to avoid too slow or too rapid count- 
ing, and from that to arrive at the difference from the 
standard fork. Kepeat the test several times, sometimes 
sounding the standard fork first, and sometimes that to be 
(iompared with it, and average the result. Tak(^ (‘-are tc^ 
avoid fatigue. This experiment will not be refined enough 
for testing those of keen musmal ear. 

Preyer, yl,*2(} ff., 7), 04; Stumpf, I., 290-305; Luft. 

72. Differences in Pitch that are Just Kecognizable as 
Higher or Lower. It is easier to recognize a difference 
thaij to tell its direction. Experiment as in Ex. 71, but 
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require tlie subject this time to pick out Jiiid adjust a fork 
that is just observably, sharper or hatter than the standard. 

Prcyer, yl, 28, ;3(). For experiments on extremely unmusical sub- 
jects, see Stiimpf, 1., 8l;3 1185. 

7.‘1. ISTumber of Vil)ratioiis Necessary to Produce a Sensa- 
tion of Jhtch. Arrange an apparatus for blowing soap- 
bn])bles with a mixture of liydrogen and air. Jllow bub))les 
of different sizes and touch them off with a matcli, either in 
the air, or (if pro|)er precaution is taken to pi-event the igni- 
tion of file mixed gases in the vessel and any resonance in 
the pipe), while still hanging. The explosion of those 
bubbles is supjiosed to produce a single sound wave. The 
pitcli of tlie sounds jiroduced cannot be accurately given, 
but the re])ort of the large bubbles is distinctly deeper than 
that of the small ones. 

Ilriicke ; Ch’oss and Maltby ; Herroim and Yeo. 

74. The A])parent Pit(*>h of Tones is Affected by their 
Quality. Tones of dull and soft character seeiij^ lower in 
pitch than tliose that are brighter ‘and more incisive. Ke- 
(piirc tlie subject to ])ick out on some stringed oi‘ reed instru- 
im*nt tlie tone corresponding to that produced by blowing 
across tlie luouth of a medium-sized bottle. Too low a note 
at lij*st will genei-ally be chosen, at least by those without 
sjiecial musical training. l''he tones should be sounded suc- 
cessively, not at the same time, during the test. Afterward 
they may be sounded together, and the ])itch of the bottle 
eJetermined a])proximately by finding with wliich tone of 
the instrument its tone makes the slowest beats (cf. Ex. 
79). It should lie remembered, however, that^ it will be 
]>ossib]e to get beats also with tones an octave lower and an 
octave higher than that corresponding most nearly with the 
true pitch of the bottle tone. 

Stumpf, I., 227-247, especially, 235-245. 
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75. lieeognitiou of Musicial Intervals. Cause a familiar 
air to be played, iirst in the octave of c and then in that of 
c' in the same or another key. Even those of no musical 
training will easily re(iognize that the air (i. e., the succes- 
sion of musical intervals in fixed rhythmical relations), is 
the same in both cases; and any mistake or variation will 
b(^ nothied as easily as if the air had been repeated at the 
Hist ])itch. AVith the unmusical, however, the recognition 
is often rather of the rhythm than the intervals ; try there- 
fore a repetition of the air changing some of the intervals 
but preserving the original rhythm. The power of recog- 
nizing intervals is very much more highly developed in 
persons of musical training, but any one that can whistle 
:i tune at one pitch and repeat it recognizably at another 
uudoubt(‘dly has the rudiments of interval recognition. 

For oxiiot methods of testing tlu^ accuracy of the power of recog- 
nizing intervals, see Preyer, A^ :J8-()4; and Schisclimanow, and the 
refen*nei‘s given by them. 

76. Pitch Distances. Deside the interval relations of 
tones, and overshadowiHl by them in musicians, are certain 
redations of seiiarateness or distinctness or distance in jiitch, 
which do not de])end on the ratios of vibration rates. Equal 
musical intervals (i.e., intervals between tom^s that have 
vibration rates in a fixed ratio to each other, e.g., C D and 
c" do not corr(*s])ond to equal ])it(di distances. Sound 
tlie luilf-tone interval c r-sharp through the range of the in- 
strument, beginning in the bass and ascending. Notice the 
increasing distinctness and se])aration of the tones as the 
int(*rval is taken higher and higher. For the very highest 
tones there is probably a decrease of separateness again. 
The dilference is most striking, however, with intervals 
smaller than those in common use, e.g., with quarter or 
eighth tones. On the harmonical (cf. notes on apparatus) 
strike in succession the c-sharp and d keys in the four lower 
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octaves, with the low(‘st. In this iiistmmont the 

c-sharp key is jj^iveii to another d, a comma, or about one- 
iiiiith of a tone, hatter than the regular d of the s(‘.ale. 

Stumpf, T., 247-2.‘);5; Lorenz, and the diseussioii between Wundt, 
Stumpf, and Engel; Ilelnflioltz, 2()4-2t>5; Miinsterherg, C, 

77. The Eh'ect of a Given Tone in a IVlelody depends in 
part on the succession of tones in wliicli it stands. Cause a 
simple ail*, in whie.h the same tomj recurs in different suc- 
cessions of tones, to be ])]ayed, and notice the diffei*ence 
in effect" in tbe diiTereni circumstances, or simply ])lay tlie 
ascending and descending scales. 

Mach, n, ISO-lSl. 

78. Tones tliat Vary Trr(*gnlarly in time ant) in pitcli are 
un])leasant. Test with a ])iston wliistlc. 

Simultaneous Tones. 

79. Heats. When tones that are different in ])itch are 
sounded at tlie same time, they mutmilly interfere, and 
make tlie total sensation at one ihstant more intense and 
the next instant less intense. Tliis reguhir variation in 
intensity is called beating.’’ Exs. 71 and 74, where, beats 
have b(*en used iiKudentally, are a sufficnent introduction to 
tluun. 

a. The rapidity of beats depends on the difference in the 
vibration rates of the beating tones. ih*epare two bottle 
whistles of the same size, and blow both at the same tim(\ 
^low beats will probably be heard. If not, pour a little 
water into one botth? (thus raising the pittdi of its tone), and 
blow as before. Continue adding water, a little at a time, 
till the boats lose themselves in the general roughness of 
the tone. Blow the bottles separately now and then to 
observe the increasing difference in pitch. The same may 
be shown with a couple of piston wliistles, if they a^e first 
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adjusted to unison, and then the piston of one or the other 
is slowly pushed in or pulled out. 

h. Tones that are a little more or a little less than an 
octavo apart may give beats. Try, with a ])air of octave- 
forks on resonance boxes or held oveu resonance bottles, one 
of which has been slightly lowered in ])itch by Aveighting 
the prongs Avith Avax or a bit of rubber tid)ing. In this 
case tlie b(‘ating-tones are the toiui of the Jower fork and 
the difference tone (see Ex. 82). Kepeat the ex[)erimeut on 
a re(‘d instrument. In this case beats may be heard be- 
twe(*ii the higher tone and the first over-tone of the lower 
(see Ex. 86). 

c. 'i'he rate at Avhieli the roughness of rapid beats dis- 
aj)i)ears, as also the rate Avhieh produces the greatest rough- 
ness, differs with tlie pitch of the beating-tones. Sound the 
following ]mirs of tones Avhich have somewliat near the 
same difl’enuice in vibration rates per sec., nanudy, 88; and 
observe that the roughness from the beats decreases and 
finally disa])])eiirs entirely at about the fourth pair; // c", 
r' r/', 6 r/, c c, (f r, C (L -The a' and c" tuning-forks give a 
vanisli of roughness, representing a rate of 80-88 per sec. 

irclmholtz, IT)!) 17a; Stuiupf., II., 440-497, especially 40 1-4()5; 
Mayer, A ; (hoss and (Joodwin. 

SO. Jk^ats Eetrny the Presence of very Faint Tones, both 
because the total stimulus is actually stronger in the phase 
of increased intensity, and because intermittent stimuli are 
themselves more effective than continuous ones. ' 

a. Strike a pair of beating tuning-forks, and hold one at 
sucli a distance from the ear that it is very faint or quite 
inaudible. Then bring the otlier fork gradually toward tlie 
ear, and notice tin* unmistakable beats. 

h. Strike a tuning-fork and hold it at a distance, being 
careful to have the fork sidewise or edgewise, not corner- 
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ing, toward the ear. Rotate the fork one way and the 
other about its long axis, and observe the greater distinct- 
ness of the tone, due in this case simply to its intermit- 
tence. 

81. Reats are in general Attributed to the Tone that 
Receives Attention ; in the absence of otlier determining 
(causes, to the louder tone, to the lower tone, or to tlie 
whole mass of an unanalyzt;d compound tone (see intro- 
duction to Ex. 86). 

a. Set two pro]:)erly tuned resonance ])ottles about a foot 
apart on the table. Strike two forks that beat, and hold 
them ov(;r the. bottles. While both ai*e about equally in- 
tense, it is easy, by meriMlirection of the attention, to make 
the beats shift from one to the other. 

h. Turn one of the forks an eighth of a turn about its 
long axis, which Avill weaken its tone, and observe that 
the beats seem to come from the other fork. By turning 
first one fork and then the otlier, the location of the Ijeats 
may again be made to shift at pleasure. If tuning-forks on 
resonance boxes are at hand they may be used, and the tone 
of one weakened by covering the opening of the box with a 
bit of cardboard. 

e. Warm the cJ fork in any convenient way (holding it 
clasped in the hand will do). This will flatten it some- 
what. Strike it and the <?"fork, and pivss the stems of both 
on the table at the same time; or, better, on th(^ sounding- 
board of the sonometer. Observe that the beats seem to 
c^)me from the c! fork unless it is very faint. 

d. Tune a string of the sonometer so that its third partial 
(or corresponding haiinonic) beats slowly with tlie c" fork. 
(On partials and harmonics cf. Exs. 86-86.) Strike the 
tuning-fork, and hold it over a resonance bottle,, or 'press its 
stem against the table at arm’s hmgth from the string. 
Then jiluck the string and attend to its tone ; the beats niay 



82] SJBNSATIONS OF HEARING. 69 

seem to affect the whole compound tone of the string. 
]>iit this will not ha])[)en if the tone of the string is an- 
alyzed, or if the attention is directed to tlie fork. The 
same may be tried on the piano by picking out from the 
mistniied c" forks one that beats slowly with c" on the 
piano. Strike the /key and hold it down; strike the fork, 
and observ(? tln^ beats as before. Cf. Ex. (>9 a. 

Stninpf, 11., 480-497. 

82. Combination I'ones: Difference Tones.^ When two 
tones ani loudly sounded at the same time they produce by 
tli(‘ir coml)ination other tones, one of a pitch represented by 
the difference ol‘ the vibration- rates of the two original or 
generating tones, and one of a pitch corresponding to their 
sum. The exist^uice of the summation tones has been dis- 
puted, and they are hard to hear. The difference tones, 
however, are easy to hear, at least when they are consider- 
ably lower in ])itch than the generators, wluni the latter are 
loud and sustained, and when tliey make a consonant in- 
terval — though the last i,s not essential. A haul difference 
tone may itself take the part of a generator and produce yet 
another difference tone — a difference tone of the second 
order — and so on, though difference tones of higher orders 
are heard with difficulty even by skilled obsei’vers. Differ- 
ence tones arc hard to hear on the piano and similar stringed 
instruments because of the rapid decline in the strength of 
the generators. The difference tones are sometimes called 
'i'artini's tones, after an early observer of them. » 

a. Eepeat Ex. 70 a, continuing to pour water into one of 
the bottles till the difference tone appears. At first the 
roughness of the beats and the difference tone may both be 

^ Kiinlg distinguishes betwoeii “ difference tones ” and “ beat tones.’* Both 
tones, iiowever, generally have the same pitch, and tlie older term for tiieni has 
here been retained ; strictly si>eaking, however, the “difference tones “ heard in 
these experiments are “ beat tones.** 
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heard at once. Try the same with the jiiston whistles, first 
setting them at unison, and then slowly pushing the piston 
of one in or out while blowing rather hard. The beats will 
almost immediately give place to a low difi'erence tone 
which may be heard ascending tlirougli several octaves 
before becoming indistinguishable from the generators. 
The double warning whistles used by bicyclists give a fine 
ditTerence tone, to which indeed they owe their deep ajid 
loci )motive-l ike (piality. 

b. l)ilfereuc(‘. tones arc strong on re^d instruments. Press 
the adjacent whit(^ keys of a ])arlor organ, or tlui liarmonical, 
by twos, beginning at o and going up a couple of octaves. 
If there is difficulty iu hearing the ditference tone, sound 
the n])[)er tone int(‘rniittently and. listen for the difference 
tone at the instant of pressing the key. 

c. Sound c" and df' which should give C as a dilference 
tone (ofid — oUS =(>(>). Sound also d” and e" wldch should 
give the same ((ifiO— 51)4=0()). If, however, the tuning is 
inexact, as it is intentionally iu the tempered tuning of 
key(}d instruments, tliese difference tones Avill be somewhat 
different and may be lu'ard to beat w'ith each other when c", 
d" and c" are sounded at once. Kotic,e that these beats are 
not heard wlnm the tones an? sound(?d in pairs. On the 
liarmonical this difference may be brought about by sound- 
ing one of the tones fiat by pressing its key only a little 
way down. Tlie same tiling may lie shown with three 
jiiston whistles blown at onci*, by a little careful adjuiftincnt 

*of the pistons. 

d. In the case of reed instruments the difference tones 
probably ow'c part of their intensity to the vibrations of the 
air in the wind cdiest. When two whistles are blown by one 
person something of the same kind may happen. In order 
to make a clean experiment, have tin? whistles blown by 
two assistants, or observe the difference tones from tuning- 
forks. 
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e. The location of difference tones. The hjcation of these 
tones is sometimes influenced by the location of their 
generators, but under favorable circumstances they seem to 
arise in tlie ears or even in the head. Tliisis strikingly the 
case, both for the blower and tlie listeners, with the differ- 
ence tones produced with the piston whistles. CA\ Ex. GO «. 

llehnlioltz, 152 - 150 ; Stumpf, II., 24 : 1 - 257 ; Konig; Preyer, C and 
/;; Hermann. 

8,‘l. lUending of Tones. The d(‘gree to which tones blend 
with one another differs with the interval relation of the 
tones taken. Tt is, according to Stninpf, griNitest with the 
oc.tave, less with the tiftk, h‘ss again with the fourtli, slight 
with th(5 thirds and sixths, and least of all with the remain- 
ing intervals. 

a. Try on the instrument the extent to which the tones 
forming these intervals blend, also those forming intervals 
gr(‘ater tlnui the octave : double octave, twelfth, ete. 

/j. Idle blending in case of the ockave is so coin])h‘te under 
favorable cireaimstances as to escapes the analysis of. trained 
ears. Use two tuning-forks, one an octave higher than tlie 
other, on resonance inises or held over resonamu*, bottles. 
Sound the forks, first the higher, tlum the lower. Eor a 
while the higher forK will be heard sounding in its ])rojK‘r 
tone, but by degrees it will become completely lost in the 
lower, and a subject with closed eyes will be unable to say 
whether or not it yet sounds. Cf. Ex. GG f). Stop the lower 
fork, or remove it from its resonanci^ bottle, and notii'e that; 
the higher is still sounding. Xotice the change, in timbre 
(cf. Ex. GO) produced by the stopping of the higher fork — 
something like the change from the vowel () to the vowel 
U (oo). * 

On c, Stumpf, TI., 127-218, especially 135-142; f(W his experi- 
ments on the unmusical coulinniiig his grades of blending, 142-173. 
t>n \ Stumpf, II., 352-358, and Helmholtz, 00-01. 
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84. Analysis of Groups of Simultaneous Tones. Ease of 
analysis depends on a number of conditions, among others 
on the following. 

a. Analysis is easier for tones far distant in the scale. 
Compare the ease of i‘ecognizing the sound of the c" fork 
when c' and c" are S4)unded together, with that of recogniz- 
ing c'" when sounded with c'. Compare also the ease of 
distinguishing c' and with that of distinguishing c' and 
a". 

h. Analysis is made easier by loudi^ess in the tone to be 
S(^pai'ated. Repeat Ex. H3 b, sounding tin? (/ faintly, the e" 
strongly. Little difticulty will be found in keeping the lat- 
ter distinct. 

c. Analysis is easier when the tones make intervals with 
iittle tendency to blend. Compare the ease of analysis of 

c" and c' a' or a! c". Also notice that the addition of df' 
(octave of d', fifth of g\ fourth below y") to the chord g d! 
g' g" produces a less striking change than the addition of b' 
(major third of y', minor sixth below y") to the same chord. 

d. Analysis is easier with sustained than with short 
chords, liepeat the last experiment, making the chords very 
sliort, and notice that the differenc.e made by inserting either 
d" or h' is less marked. Cf. also Ex. 100. 

Stiimpf, II., S18~;5(U; also his experiments, 302-.II82. 

8o. The Lower Tone of a Chord Fixes the Apparent 
Pitch of the Whole, a. Kepeat Ex. 83 h, and notice that 
when the d fork is stopped, the tone ap])ears to juni]) up- 
ward an octave in pitch (i.e., it takes the pitch of the c" still 
sounding) ; but when the c" fork is removed, the quality of 
tlni tone is changed, but not its pitch. 

b. Strike the chord C c" e" </' or G e! y' c", and compare 
the effect upon the pitcli of the whole mass o*f tone pro- 
duced by omitting C or G alone with that of omitting any 
one or all three of the higher tones. See also the fun^qtion 
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of tlie lowest partial of a compouiul tone in fixing the 
pitch, nothied below. 

stiunpf, II., 

8(). Cojn])()und Tones. Almost all tones heard, and iii- 
(IcimI all tliose used in nuisie, are not simple tones, but eom- 
j)()iiiid. The tone given by the C string of a piano is made 
u]) of at least C, e, y, e' and y', and geiiendly other tones, 
ddie lowest tone of the group gives the pitcli attributcid to 
tlie whole, and is known as t\\it fund a other tones 

as oiun'-tones. In aiPotber way of naming tlimn, the com- 
ponent tones are all partial tours or partials, the fundamen- 
tal being called thidf rst or prune part iff I, tho next higher 
tlie scrond 2 >ffHial and so on. The Jirst over-tone is thus 
the srrond partial tone, tin; second over-tone the third ])artial, 
and in general tlie same tone receives as a partial tone a 
numbea* one higher than as an over-tone. The vibration 
rat(*s of the partial tones of a compound are generally once, 
twice, three times, four times, the rate of the fundamental, 
and so on. In some cases, however, e.g., in bells and tun- 
ing-forks, one or more of the partial tones may have a vibra- 
tion rate not re])resented in this series, and discordant 
with the fundamental tom*. In what follows, the regular 
scries of partial tones is meant ex(;(‘pt wliere the (jontrary 
is specified. 

Partial Tones. If resonators are at hand, the demon- 
stration of the partial tones will be easy. Sound on a 
stringed or reed instrument the tones to which the resona^ 
tors are tuned, and notice that they resound strongly to 
these tones and less strongly or not at all to other tones 
M-djacent in ])itch. Then- sound the tone to which the lar- 
gest of the r(;sonators is tdned (or a tone an octave lower), 
and try the resonators in sm^cession. Notice that others 
also ri'sound (at their own pro])er pitch), thus bi*traying 
the *pr^sence of the tones to which they are tuned, and 
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thus the composite character of tlie tone under examination. 
Which resonators will “ speak ” will depend on the instru- 
inent used ; reed instruinents give a long and pin*fect series, 
piano and stretched wires a ])erfect series generally as far 
las the ninth or tenth partial, and sto])j)ed organ-])ipes a 
short series. If difficulty is found in knowing when the 
resonator is resounding, it will be found ustd’ul to apply it 
to the ear intermittently, alternating, for example, two sec- 
onds of a[)plieation with two seconds ot withdrawal. 

<S7. Partial Tones : Analysis by indirect means, a. 7>y 
sympathetic vibration. This suec(*eds (^spe^da.lly well with 
the ])iano. lh*ess the r k(‘y and hold it down so as to leave 
its strings fn‘e- to vibrate ; then strike the C key forcibly, 
and after one or two seconds release*, it. Tin; c strings will be 
found to l)e sounding. Iv(‘})(*at, trying v-sIku'I) or b instead 
of (*; they will be found not to r(*spond. Jvepeat tlu* expeui- 
iiient, substituting y, c', //, y, or o"; all will b(i found to re- 
spond but in lessening degrees. ()th(*r keys between C and 
c" may be tried but will be found in very faint vil)ration, it 
at all. 

h. Py beats. This will succeed best witli a reed instru- 
ment, c. g., a parlor organ or the harnionical. Py ])r(‘ssing 
the keys of the instrument only a little way down, any of its 
tones may be sounded a little flatter than its true ])ite.h and 
so in condition to heat with any other tone having that true 
pitch. Sound at this flattened pitch the over-tones of C in 
tuiccession while C is sounding, and notice the slow beats 
that result. For verification sound other tones not over-tones^ 
of Cj and notice that the beats when present are much moi’e 
ra})id. 

88. Partial Ton(*s : Direct analysis without S|)ecial a]>para- 
tus. The directions given here aj)ply to the sonometer, but 
will be readily adaptable to any stringed instrument which 



88 


SENSATIONS OF HEAUTNG. 


75 


tlio strings can be exposed. It is easier to liear any partial 
tone in the conipoiind, ii the partial is iirst lieard by itself, 
and then immediately in combination with the rest. On 
strings this is easily done by sounding the partials as 
‘Oiarmonics.’’ Pluck the string near one end (say about 
one-soventh of the length of the string from the end), and 
immediatidy touch it in the middle with the linger or a 
cainers-hair brush. The fundamental will cease to sound 
;ind its oc.tawe (the second ])artial) will be left sounding, as 
a. “ harmonic.’^ AVith it sound also other even-numbered 
])aTtials, but less strongly. Pluck as. before, and touch the 
string at one-third its length ; the third partial will now 
sound out strongi'st, with the sixth, ninth, etc., more faintly. 
Thus by ])lucking the string and touching it respectively 
at one half, on(‘ third, one fourth, one fifth, one sixth, one 
seventh, one eighth, one ninth, and one tenth its length from 
the end, the series of tones corresponding to the 2d, 3d, 4th, 
oth, ()th, 7th, 8th, 9th, and 10th })artials can be heard, each 
in large measure by itsedf. In getting the higher ‘‘harmon- 
ic's ’’ it will be found be*tter to pluck lu'arer the end than 
OIK* seventh, and in no case should the string be ])lucked at 
tlie point at which it is x>i*esently to be touch(Kl. (Cf. Ex. 
90 b.) 

To hear the ])artial tones when sounding in the compound, 
])roceed as follows. Sound the reepdred tone as a “ har- 
monie,” and th(*n kee])ing the attention fixed on that tone, 
sto]) the string and pluck it again, this time letting it vibrate 
freely. The tone just heard as a “harmonic” will now be 
heard sounding with the rest as a partial. AVhen the partial 
is thus made out, verify the analysis by touching the string 
again and h*tting tlie tone sound once more as a “harmonic.” 
4h*y in this way for the partials up to the tenth ; first for 
the 3d, 5th, and 7th, afterward for the Cth, 4th, and the 2d, 
whicl^isthe most difficult of all. It is said that analysis 
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is easier at night (not alone on account of the greater still- 
ness) and when one (‘ar is used, and that certain positions 
of the head favor (icrtiiin partials. 

89. Partial Tones : Direct analysis without apparatus. 
Certain parts of a compound tone are soimdiiiK's so sepa- 
rated by tlieir dissonance, intensity, or ])itcli tliat tliey stand 
out witli striking clearness. 

a. Strike a tuning-fork on a hard surface, and observe the 
high, ringing, dissonant ])a.rtials. Tliey fade out before the 
proper tone of tlie fork, and an* heard best wlien the fork 
is not held near the ear. 

h. As the tone of a string is allowed to die away of itself, 
different partial tones come succ(\ssiv(‘ly into projninence. 
Try with a low ])iano string, keeping tin* kt‘y ])ressed down 
while the sound fades, or with the sonometer. Something 
of the same kind, but less marked, ha])p(*ns in tln^ dying 
away of a low tone on a reed instrument when the air is 
allowed to run low in the bellows. 

c. When a tom.* is sounded contHiuously for some time on 
a reed instrument with one of the keys clamped down, dif- 
ferent p.artials come successively into ])roniinence, eitlier 
through varying fatigue or tln^ wandering of attiuition, 

Holinlioltz, KStuiiipf, II., 2;jl~243; see also the index under 

Oberlune ; Mach, A, 5S, /i, 127. 

90. Timbre. The peculiar differences in (j^uality of tones 
^distinct from pitch and intensity) wliich ai*e known as 
differences in timbre (tone-color, clang-tint, Klanfjfitrbe)^ are 
due largely to differences in the numbt*r, ])itch, and intensity 
of the jiartial tones jiresent. Compare in this respect the 
dull-sounding bottle-tones or the tones of tuning-forks held 
over resonance bottles, and the more brilliant tones of a reed 
or stringed instrument ; the first are nearly simple tones, 
while the second liave strong and numerous over-toneji. • 
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a. Notice the difference in quality between the tone given 
by a tuning-fork held before the ear and that given by the 
same fork when its stem is pressed iq)on the table. In the 
second position the over-tones are relatively stronger. 

b. Notice the differences in quality in the tone of a 
string wlien it is plucked in the middle, at one third its 
length and at about one seventh. Wlien plucked in tlie 
middle, many odd-n\imbered ])artials are pres(*nt, and the 
even-numbered partials are either absent or extrtnnely faint, 
and the tone is hollow and nasal ; when plucked at one third, 
the third, sixth, and ninth partials are wanting, and the tone 
is hollow, but not so much so as Ixdbn^ ; when jducked at 
one seventh all the partials up to tlie seventli are ])resent. 
For their theoretical inteiisities, cf. Helmholtz, 79. 

c. Ihy also ])lucking very near one end, pliu'king with 
the linger-nail and striking the string with a hard body, e. g., 
tlie back of a knife-blade ; all these bring out the higher and 
mutually discordant ]>artials strongly, and [)roduee a brassy 
timbre. 

ITelinholtz, 05-119 ; JStuznpf, II., 514-549. 

91. Til Successive Chords the Whole Mass ot Tone seems 
to mov(^ ill the- same direction as the part that changes most. 
Strike in succession the chords e! (/-sharp 1/ e'\ a a' cf'-sharp 
e", or a c! e! c", a f c". If the attention is diriH^ted to the 
bass in the lirst example and to the alto in the second the 
whole mass of tone will appear to descend in the first caj^i* 
and to ascend in the second. If the attention is kept on the 
so]irano part the illusion will not ap])ear, as also when the 
observer examines his sensations critically. Cf. also Ex. 81 
d, where beats of a partial tone are attributed to the whole 
compound tone. 

JSfach, 71, 12(i-127; Stunijzf, 11., :I0:14I95. 
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Siiiiultjineou.s Tones interfere soniewlnit with one 
another in Int(*nsity. 



((. l*hiy the i>froii])s of notes nniubored 1, 2, and 3 and ob- 
s(‘rve the sli<;lit inereast^ in the a])])arent intensity of tlu^ 
remaiinn<( tones as on(‘ after another dro])s out, making 1 
sound lik(' la, 2 lik(‘. 2a, and so on. On the [uano it will be 
w(dl to ])hiy the notes an octave or two lower than tliey 
an^ written. 



h. Vhiy th(' notes inaiked 4, and notice tliat the increase 
of loudiK^ss seems to alfec't the note (highest or lowest) that 
ri*(M*ives particuhir attention, making the effect in one ease 
like 4^/, in the otlnu* likt^ 4/>. 

Mach, />, 12(1; Sliiini>f, lb, 418-428. 

1)3. (yonsonant and Dissonant Intervals, a. Tlie conso- 
flant intervals within the octave axe the unison, oeha-ve, fifth, 
fourth, major sixth, major third, minor third, and minoi 
sixth. They will lx? found to decrease? in smootliness ahout 
in the order given. Try them l)eginning with the octave 
and at c, as follows : c e', c //, r f, r r/, e e, c e-flat^ e a-flat. 
Try the last four intervals also in the octave of c" or e'” 
and notice that they are less rough than when taken in the 
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of c. Any otlior intervals within tlie ootave are dis- 
sonant. Try c c-sluirpy v d, e b, r b-Jhit, r f-sbarp. I'lie 
roughness is due to beating partial tones and in general 
is grc^ater when these stand low in the partial tone series 
and are loud, and wlien they lie witliin a half-tone of eacdi 
otlier. Work out for tlie tones of several of tlie intervals 
the siu-ies of partial tones up to tlie eighth. In general the 
(\\teusion of intervals into the second octave (taking the 
liigluu- tone an octave higher or the lower tone an octave 
lower) (hH?s not cha-nge the fact of consonance or dissonance, 
though it may change the relative roughness. 

b. Those fitted by musical training to pronounce n])()n 
(HU*stions of consonance and dissonance hold that dissonance 
{*an be pcu'ceived b(‘tween simple tone's under conditions that 
(‘xedude beats, and that consonance is something more tluin 
tlui smooth howiiig of tones undistiirlx'd by beats. The 
test is easy to make. Hold tuning-forks making the inter- 
val to be tested one before each ear, and if there are 
beats, carry the forks far enough away in (‘a(‘h diri'ction 
to make the beats inaudible. Only those of musical eai‘, 
liowt'vei’, can ])ronounce upon the result. 

irdiiiholtz, 17*.)- 107; Stumi)f, IL, 470, 4()0; Wundt, Otc Aiifh, T., 
4:J!), II., 47 f‘f; Mach, H, 120-1:10; Preyer, />, 44 ff. 

94. Consonant and Dissonant Chords. In order t(^ form 
a consonant chord, all the intervals among the tones must 
also be consonant. The only chords of three tones which 
iullil this condition within the octave are represented by^ 
^h(‘ following: Major c c f/, rfa, e e-JIat minor c v- 

r/, e fa-fiat, e e a. Try these and for comparison any 
other chord of three tones having r for its lowest tone. 

riehuholtz, 211 If.; Wundt, ;Ue Aiifl., II., 01, 03 ff. 

9o. • Major and Minor Chords. Compare the chords c" c" 
'.r ayd c" e”-flat g". This unmistakable difference in effect 
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depcMids in part at least on the fact that in tlie major chord 
the difterenee tones of the first order are lower o(?taves of v!' 
itself, while in the minor chord one difference tone is not 
such at all, and if taken in the same oiffave with tlie chord 
would lie highly dissonant. For tlie major chord, Avheii 
taken in the octave of c", the difference toiu'S are c and c", 
for the minor chord e e-flat, A-ffat. Try on a reed insti’u- 
ment the difference tones generated by c' e'\ c" </", r" e"-ftat. 

first s(‘parately ; and then, while c" and (j" ar(‘ 
kept sounding strike a" and e'-Jfat alternately. 

Tlolmholiz, ‘2ir)-217; Stuiupf, II., :kr), :n() if.; Wmult, :Uo. Aufl., 
1 1., 01 ft*., 07 ft*. 


DC), fkidences. Modern music; requires the ])rominence of 
tlie key note or tonic and of the chord in which it holds tin* 
chief place at the beginning of a piece of music; and at the 
end. The fuelling of the ap]iropriateness of this c:;losc% and 
esjiecially of thc‘ suc*cession of chords in the c*adences above, 
can hardly fail to apjieal even to the unmusical. 

Helmholtz, 

97. The Absolute Time Relations of music; have niucdi to 
do with its emotional effect. Have a familiar piece of music; 
played in its proper time, then very slowly and very rapidly. 
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IJiNAUKAL Audition and the Location of Sounds. 

98. Unison Tones Heard with tlie Two Ears. a. Strike 
a pair of nnison forks that Avill sound equally loud and 
vibrate an equal lenj^th of time, and hold one before each 
(nir, three or four inch(‘s away ; a single tone of rather in- 
(i(‘linite location will be heard. As the forks are brought 
iK‘arer, tlieir tone seems to draw by degrees toward the 
iiKuliaii plane ; and wlien they are very loud and near, the 
tone may seem to be in the liead. Keturn the forks to 
tbeir Hrst ])osition and then move one a little nearer or a 
little- farther away, and notice that the sound moves to the 
si(b» of the nearer fork. When the difference in distance 
lias become consi(h*rable that fork alone will bo heard. 

f). Ilring the forks again into the ])ositioiis last mentioned 
— one near and one far, (or lK‘tt(‘r, place om^ fork on a rub- 
b(‘r tube one end of which has been inserted in the opening 
of the (‘ar and hold the other fork before the other ear), 
and tluMi with the free Dr more distant fork make slow 
rhythmical motions toward and away from the ear, or rotate 
the fork slowly about its long axis, attending meantime to 
tlie fork on the other side. Alternate variations in the 
inttmsity of the tone of this fork corresponding to the ap- 
proach and recession of the other and ap])arently unheard 
fork can bi* observed. 

r. lle])eat h and notice that when the changes in intensity 
ar(^ considerable there is a simultaneous shifting of the place* 
of the tone, towards the median plane when the tone grows 
stronger, and away when it grows fainter. ''Fhese changes of 
phu^e are, however, less marked than the changes in intensity 
and those accompanying slight changes in intensity gener- 
ally escape observation. 

8cjJiajfer, 7i; Thompson; Urbantscliitsch, U. 
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1)0. l>e;its with Two Ears. a. ()])erato as in Ex. 

98 a, with forks boating three or four times a sceoiid. 

h. Try with a pair of very slow beating forks (onee in 
two or tliree seconds). Notice a sliifting of the sound from 
ear to (^ar corresponding to tlie rate of beating. 

c. Try again with a ])air of rapid beating forks (twenty or 
thirty a second), and notice that tlie beats arc^ heard in botli 
eays. 

Schaefer, /I, />*, aiul C; Thompson; Cross and Goodwin. 

100. Difference of Location I;lel])S in the Analysis of 
Simultaneous Tones. Com])are the (^ase vvdth which the 
toiu's of a ])air of octave forks are distinguished when the 
forks are held on op])osite si(h‘s of tin? head with the dilH- 
culty of a,nalysis in Ex. 88 h. 

Stuinpf, Jl., d()3. 

lot. dudgnumts of the Direction of Sounds. These 
dcjpend in general on the relative intensity of the sounds 
reach ing the two eai\s, but there is |)r(*tty good r(‘ason to 
believe that other fa(doi's (‘o-operate and tliat tolerably cor- 
rect judgimuits, both as to distance and direction, can some- 
tinu'S be made from the. sensations of one (uir. 

a. Let th(^ su])je(;t be seated with closed eyes. Smi]) tlie 
telegraph sna|)p(U’ at dilfeuent points in s])aee a foot or two 
distant from his head, lieing very careful not to betray the 
])lace in any way, and rc([uire him to indicate the direc- 
tion of the sound. Try jioints both in and out of the median 
j)lane. Observer that the subject seldom or never confuses 
right and left but often makes gross errors in other direc- 
tions. Constant tendencies to certain locations are by no 
means uncommon. 

h. Have the subject hold his hands against the sides of 
his head like another ])air of ears, hollow backward, and 
try the effec.t u]>on his judgment of the direction of the 
snapper. 
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c. Find approximately how far the snapper must be 
moved vertically from the following points in order to make 
a just observable change in location : on a level with the ears 
in the median plane two feet in front; opposite one ear, 
same distance ; in the median plane behind tin', head, same 
(listaiKie. Find the just observable horizontal displace- 
ments at the same points. A. convenient way ot‘ ‘measuring 
th(*se distances is to clamp a yard-stick to a retort-stand, 
l)ring it into the line along which ineasurcunents are to be 
made and hold the sna])per over the divisions of the stick. 
Snap once at the point of departure, then at a point a little 
way distant in the direction to be studied; again at the 
lirst point, so that the subject may keep it in mind, and 
then at a j)oint a little more distant, and so on till a point 
is hnally found which the subject recognizes as just obser- 
vably different. He peat, altmaiating snaps at the point of 
d( 4 )arture with those at a greater distance than that just 
found, decreasing the latter till a ])oint is found where the 
directions can be no longer distinguislu'd. Make a number 
of tests ea(di way and take their average. 

d. Continuous simple tones are very dillicult to locate. 
1*1 ace a tuning-fork on its resonance case at some distance 
in front of the subject (seated with closed eyes), another at 
an ecpial distaiujc behind him. With the help of an assis- 
tant strike both forks, and after a litth; Inwe one of them 
stopped and the mouth of its resonance box covered. He- 
(piire the subj(*ct to say which lias been stopped, flis 
(!rrors will be very frequent. Compare Avith this his ability 
to distinguish whether a speaker is before or behind him. 

On a, Proycr, B; von Kries, A; on c, Miinsterberg, B; on <i, Hay- 
Icigh. 

102. Intercranial Location of Sounds. <(. Sounds origi- 
nating outside the In'ad are not locab'd in the head Avhen 
heard with one ear. Hold a loud-sounding tuning-fork 
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near the ear, or place it on a rubber tu])e, one end of which 
is inserted in the opening of the ear, and notice that the 
sound when strong may bo located in the ear, but does not 
penetrate farther. Insert the ofclier end of the tube in tlie 
opening of the other ear and rej)eat. The tone, if loud, will 
appear to coiue from tlie inside of tlje liead. Jvenioving and 
replacing the fork several times Avill help to give definite- 
ness to the location. 

b. Kepeat the experiment, but use a fork sounding as 
faintly as possible (e.g., set in vibration by blowing smartly 
against it), and notic.e tliat tlie location, when a single ear 
receives the sound, is not so clearly in thii ear, and, when 
both receive it, not so clearly in the head, perha])S even 
outside of it. C1‘. also Ex. 1(K> b. Hoth a and b may also 
be made with beating tones instead of a single ojie. See 
also Ex. 09 e. 

Schaefer, R. 

l(h‘k Location of the Tones of Tuning-forks Pressed 
against the Head. a. Strike a large a, ml loud-sounding 
tunijig-fork, and press its stem against tli(‘, vei’tex. Tlui 
tone will seem to come from tlie intm-ioi* of tlie head, chiefly 
from the back. While the fork is in the same position, 
clo.se one of the ears Avith tin; linger, not jiressing it too 
tight; the sound Avill immediately seem to concentrate in 
the clo.sed ear. Have an assistant manage; tlie fork, and 
close the ears alternately. Something of tin; sann; kind 
happens when a de(;p note is .sung ; closi; first one ear and 
then botli, and notice tlie jiassage of the tone from the 
throat to the ear and finally to the middle of the head. 

b. Have an assistant manage tin; fork, and (;lose both ears. 
Notice that when the fork is j)ress(»d on so as to make the 
tone loud the intercranial location is c;xa.ct, but when the 
pressure is relaxed and the tone is faint the location tends 
to be extracra.nial. 
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e. Try setting the fork on other places than the vertex. 
Notice that in the occi])ital and parietal regions the sound 
a])])ears in tlie opposite ear, tliough closing the ear as in 
a may bring it back to the same side as the fork. 

(/. Take a long pencil in the teeth like a bit and rest the 
stem of a. vibrating tuning-fork vertically on it near one 
end and (dose the ear on the other side ; the sound will 
s(‘('m to be located in tlie closed ear. Then gradually tilt 
the* fork ba.ck\vaa*d toward a horizontal position, kia^ping it 
in contact with tin*, pencil, till its tip is oppejsite the open 
ear. The tone will change its place from the closed to the 
open ear. 

On a and 6, IScliaefer, R and C; on e, 'riiompson. 
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Munsterberg, (\ above. 
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CHAPTER V. 

The Mechanism of the Eye and Vision in General. 

iiKHilianisui of the eye accomplishes two tilings : the 
pr()j(‘ctioii of a sharp image on the retina, ami the ready 
shitting of the eye so as to bring successive port^ns of the 
image into the best ])()sition for seeing. To the study of 
tbese mechanisms and other physiological })henomena of 
importance for the psychology of vision, this chapter is 
devoted. 

ThK EeTINAL lMA(iE AND ACCOMMODATION. 

104.. The E(itinal Image. This is easily seen in the 
nil pigmented eye of a ])ink-eyed rabbit. 

a. Chloroform the rabbit, remove the eyes, and mount 
them in (day for readier handling. Tlie mounting is done 
as follows : Make a thick ring of clay with an internal 
diameter a little greater than that of the cornea of the 
I'abbit/s eye; plac.e the eye, coriu^a downward, in the ring; 
lay a similar ring u])on it to keep it in place, and press the 
edges of the rings together. The eye can now be handled 
easily and turned in any direction. Turn the cornea 
toward the window, and observe, from behind, the inverted 
image on the retina. Bring the hand into range and move 
it^ to and fro; observe that the image of distant objects is 
’iiore distinct than that of the hand. The dead eye is 
adjusted for distant vision. If convex and concave lenses 
oe at hand (spe(?tacle lenses will answ’'er), bring them 
i before, the eye, and observe that the effect upon the 
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retinal image is similar to that seen subjectively when 
they are lield before the observer’s own eye, provided 
that that is normal. 

Eeverse the eye, holding it retina side toward the win- 
dow, and observe the radiating and circular fibres of the 
iris. The eye must be fresh, for if long removed it loses 
its transparency. 

lOo. Accommodation. The sharpness of the retinal 
image depends on the adjustment of the crystalline huis, 
wliich must bo such as to focus upon the retina the light 
from the "object under regard. The lens must be thicker 
and rounder for near objects, thinner and flatter for more 
distant ones. These adaptations of the eye are known as 
Accommodation. The changes in the clearness of the retinal 
image are easy to observe subjectively. Hold up a j)in or 
other small object six or eight inches away from the eyes. 
Close one eye and look at the pin with the other. The out- 
line of the pin is sharp, but the outlines of things on the 
other side of the room behind it are blurred. Look at these, 
and the outline of the pin becomes blurred. Notice the 
feeling of greater strain when looking at the nearer object. 
The expei’iment is somewhat more striking when the nearer 
object is a ])iece of veiling or wire gauze, and the farther, a 
printed page held at such a distance that it can just b(} 
read. 

On this and the next two experiments, see Helmholtz, A, 112-118, 
Fr. 119-12(5 (90-9(5). 

Scheiner’s Experiment, a. Pierce a card with two 
fine holes se])arated by a less distance than the diameter of 
the pupil, say, a sixteenth of an inch. Set up two pins in 
corks, distant respectively eight and twenty inches from 
the eye in the line of sight; close one eye, and holding tin' 
card close before the other with the holes in the sanje hori 
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zoiital line, look at the nearer pin; the fartlier j^in will 
ap]')ear double. Look again at the nearer ])iii, and while 
looking, cover one of the holes with anothei* card ; one of 
the images of the farther pin will disappear — the left when 
tlie left hole is covered, and the right when the light is 
covered. Look at the farther pin or beyond it; the nearer 
pill appears double, liepeat tlie covering; closing the left 
liole now destroys the right image, and covering the right 
destroys the left. 


s 



AVhy this should be so will be clear from the diagrams 
above. The ujiper diagram illustrates the course of the rays 
'd' light when the eye is accommodated for the nearer pin; 
t lie lower diagram when it is accommodated for the farther 
I 'in. A and B represent the ])ins; S and N the pierced 
"^cr(‘en; d and the holes in the screen; c and c the lens; 

h a" and 1/ a V' the retinae ; ^1', W and the positions 
"t‘ the double images. The solid lines represent the course of 
the rays from the pin that is accommodated for; the lines 
'd shott dashes, the course of the rays from the other pin; 
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the lilies of long daslies, the lines of direction ; i.e., approxi- 
mately those giving the direction in which the images 
appear to the observer. In the upper diagram the rays 
from B are focused to a single retinal image at while 
those from A, being less divergent at first, are brought to 
a focus nearer the lens, cross over and meet the retina at 
a' and a", and, since each hole in the screen suffices to 
produce an image, cause the pin to appear double. Its two 
images are referred outward as all retinal images are, along 
the lines of direction (which cross a little forward of tin* 
back surface of the lens, in the crossmg point of the lines of 
direction), the right retinal image corn'spomling with the 
left of the double, images and ^ncG versa. If now the right 
hole (f/) ill the screen be closed, the left retinal image and 
the right double image disappear. The case of accommo- 
dation for the farther pin will be clear from the low(u* 
diagram, if attention is given to the dotted and dashed 
lines. It will also be easy to explain why moving the card 
when looking through a single^ pin-hole causes appanmt 
movements of the pin not accommodated for, and why in 
one case the movement seems to be with the card, and in the 
other case against it. 

h. Stick the pins into the corks so that they shall extend 
horizontally, and examine them with the (iard lield so as to 
bring the lioles one above the other. 

c. Arrange the holes thus: . *. and observe that tie' 
triple image of the nearer pin (when the farther is fixat(?(l) 
has the reverse figure • . • 

Scheiiier’s experiment can easily be illustrated with any 
convex lens and a pierced screen of suitable? size. 

107. Range of Accommodation, a. Find by trial th(‘ 
nearest point at which a pin seen as in ScheineFs experi- 
ment can be seen single. This is the near point of apcconi- 
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modatioii. For the short-sighted a far point may also be 
found, beyond which double images reappear. 

h. Find how far apart in the line of sight two pins may 
be, and yet botli be seen single at one and the same time. 
Try with tlie nearer at 20 cm., at 50 cm., at 2 m. Tliat 
portion of the line of sight, for points in which the same 
degree of accommodation is sufiicient, is called the Line of 
Areommodation. The length of the line increases rapidly as 
tlie distance of the object from the eye increases. 

Helmholtz, A, 114, 119, Fr. 122 (9:1), 128 (97). 

108. Mechanism of Accommodation. The change in the 
lens in accommodation is chieliy a bulging forward of its 
anterior surface. Tliis may be observed as follows : — 

a. Let the suV)ject choose a far and a near point of fixation 
in exactly the same line of vision ; close one eye and fix the 
other upon the far point. Let the observer place liimself 
so that lie sees the eye of tlie subject in profile with about 
half the pupil showing. L(?t the subject change his fixation 
at request, from the far to the near point, and vice versay 
l)oing careful to avoid any sidewise motion of the eye. 
The observer will notice, when the eye is acconnnodated for 
the near })oint, that more of the pui)il shows and that the 
farther side of the iris seems narrower. This change is 
due to the bulging forward of the front of the lens. If 
tlie change were due to accidental turning of the eye 
toward the observer, the farther edge of the iris should 
:ip[)ear wider instead of narrower. Notice also that the 
‘lianieter of the pupil changes with the accommodation. 

Furkinje’s Images. The changes in the curvature of 
the lens may also be observed by means of the images 
r(dlected from its front and back surfaces and from the front 
ef the cornea. Operate in a darkened room. Let the sub- 
J' ct chocyse far and near fixation points as before. Let the 
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observer bring a candle near the eye of the subject at a 
level with it and a littli^ to on^^ side, and ])lacc his own eye 
in a position symmetrical to the candle on the other side of 
the subject's line of sight, (’areful examination and some 
shifting about of the placie of the candle and of the observer 
will show three reflected images of the flame : one on the 
side of the pu])il next the light, easily recognizabh^ blight 
and erect, reflected from the surface of the cornea ; a second, 
nearer the centre of the ]mpil and apparently the farthest 
back of the three, erect like the first, but very indistinct 
(more like a light cloud than an image), rtdlected from the 
anterior surface of the lens ; and a third, a mere point of 
light, near the side of the pu]>il farthest from the flame, 
inverted and rettecded from the i)osterior surface of the 
lens. When the observer has found these three images, the 
subject should fixate alternately the near and far points 
chosen. As he fixates the near point, the middle image 
will grow smaller, advam^e, and draw toward the corneal 
image ; when he fixates the far ])oAnt, the image will enlarge, 
recede, and move away from the corneal image, 'rhe follow- 
ing diagram, after Aubert, illustrates the movement of the 

middle image; the full 
lines indicate the posi- 
tions of the cornea and 
lens and the course of 
the rays of light when 
the eye is accoinmodated 
for the far point ; the 
dotted lines indicate 
the anterior surface of 
the lens and the direc- 
tion of the ray reflected 
from its surface when the eye is accommodated for the near 
point. Three images similar to those in cpiestioir c&n be 
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c)b.serv(3(l on a watcli glass aiul a doiibln convex lens held in 
the relation of the eornea and crystalline.^ 

Helmholtz, /I, l:U-14i, especially lol-134, Fr. 142-154 (104-112), 
especially 142-140 (104-107); Aubert, ^1, 444; Tscherning. 

109. r)io])trical Defects of tlie Eye. Of these defects 
only two will be considered here: Astlgwatlsm and Chro- 
Aberration, The first is an error in the form or set- 
ting of the refracting surfaces, which ])revents their bringing 
parallel light to a focus in a single point. If the curvature 
of the lens, for example, (or of the cornea), is greater on the 
vertical meridian than on the liorizontal, i)arallel light fall- 
ing u])on the first will be brought to a focus nearer the lens 
than that falling upon the second. This makes it impossible 
fur the astigmatic eye to see all parts of a plane figure with 
(Mpial distinctness at the same time. Chromatic Aberration 
(le|)ends u])on the difterent degrees of refra(*lion which dif- 
ferent colored lights exj)erience in traversing the lens ; 
tliose of short wave-huigth (violet and bhp^) are most re- 
fracl.(Ml, those of long wave-length (red and orange) least, 
and the others in order between. Tl\(3 point at which paral- 
lel violet rays an* brought to a focus is tluuefore nearer the 
lens than the point for red. Tn order, tlierefore, that the 
same degree? of accommodation may serve to show a red 
lighted object and a violet lighted object at the same time 
and both with full distinctness, the red light must be less 
divergent than the viol(?t; in other words, the red lighted 
object must be somewliat farther away. * 

a. Astigmatism. Alake a tine pin-hole in a card; hold it 
at arm’s length against «a bright background and accommo- 

' By usinjf n rnapiiifyiii/j-jjliiss ii. socond fnlnt corneal linage very close to the 
lirst can be aeon, whon tlio light strikes the cornoa well toward one side. When 
this is counted, as it is by Tscherning, there are four Ihirkinje images, those from 
the front and back of the lens becoming the third and fourth in the enumeration. 
instead*of the second and third. 
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date the eye for a nearer point, or put on convex glasses. 
The spot will not a]) pear as a little circle of light, as it 
would if the lens and cornea were })erfect in form, but as a 
more or less irregular star or flow(^r-s]iai)ed figure in which 
portions of several images of the hole may be made out. 
Aecommodato for a ])oiiit considtu*al)ly beyond the cai‘d 
and notice tlie change in the figure. 

These irregularities (plienomeiia of Irregular AstAgitia- 
thm) disai)i)ear, howt*ver, with exact accommodation, but 
anotlier kind (^Regular Astlgniatlani.) is then to be observed. 
Close one (‘ye and look with the other at the centre of the 
radiating figures below. Xotic(^ which lines app(*ar with 
greatest blackness and distinctness. Try the effect of 
increasing and decreasing the distance. Try also the other 
eye. 



Something of the same kind is to be se(‘n in the set of 
commitric circles ; also evidences of irregidar astigmatism 
when accommodation is changed or when the distance of 
the diagram is increased or decreased. Notice especially 
the rayed api^ea ranee and the distortion of the inner circles 
wheti the eye is accommodated for a greater distance* tkan 
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that of the diagram. On the latter peiailiarity, see von 
Bezold. 

h. Chromatic Aberration. i>end a tine platinum wire 
into a ring half an incli in diameter, and heat it white hot 
in the flame of a Hunsen burner. J^ook at the ring through 
a pin-liole in ii Idacik (;ard held at such a distance that the 
ring lies (‘.los(i to the edge of the field of the pin-hole all 
around. Accommodate the eye for the centre of the ring, 
and ol)serve that the outer edge of the ring appears bright 
red, the inner edge blue or violet. Substitute for the card 
a bit of blue glass, and acHiommodate lirst for the glass, then 
for a point some distance beyond the ring. In the lirst 
case tlie outer and inner edges of the ring (except as astig- 
niatisni interferes) will both be blue; in the second case 
tlu^y will be red. The ordinary blue glass allows both red 
and blue light to ])ass through it. 

Look at the edge of the window frame next the pane, 
and bring a card before the eye so that about half the 
pu])il is c()vei‘(*d ; if the <*.ard has been brought up from the 
frame side, the frame ’will be bordered with yellow ; if 
from the pane side, with blue. In ordinary vision these 
fringes do not a])])ear, because the colors partially ov^erlap 
and produce a practically colorless mixtun^. 

\h)n Hezold’s Experiment. Look at the parallel lines of 
the left ligure in Ex. 118 with im])erfect accommodation, 
<^g., through convex spectacles, and observe the aberra- 
tion colors. If a set of heavy concentric circles (separated 
by equal spaces, and beginning witli a central black dot 
of a diameter equal to the width of the lines) is used 
instefid of the straight line figure, it will be possible l)y 
changing its distance from the eye to And a position in 
which the aberration colors so overlap) that dark and light 
seem to have changed places, and tlie centi’al spot is light 
instead of dark. The spiral figure with Ex. 128 will show 
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sometliing of tlio effect, but the central black spot is too 
large to show it completely. 

Both astigmatic differences and the aberration colors may 
at times influence judgments of distance. 

On a, Helmholtz, A, 1G9 ff., Fr. 187 (138) ff. On ?>, Helmholtz, 
A^ 156-104, Fr. 17ii-179 (125-131); von iiezold; Tumlirz. 

Entopttc Appeakaxcks. 

110. Floating Particles in the Media of tlie Eye and on 
its Surface; Musrm Volltantes. Fix a lens of short focus 
at some distaiuje from a bright gas or candle flame. Set up 
in the focus of the lens a card pierced with a very fine hole ; 
bring the eye close to the hole and look toward the light. 
The eye should be far enough from the hole to prevent the 
edge of the lens from being seen. The rays of light that 
now reach the eye are strongly divergent, and the crystalline 
lens does not bring them to a focus on the retina, but only 
refracts them to such a degree that they traverse the eye 
neai’ly parallel, and thus in suitable condition for casting 
sharp shadows u|)on the retina of objects on or in the eye. 

a. The lens will appear full of light, and in it will be 
seen a variety of shadings, blotches, and specks, single or in 
strings, the outward })rojection of the shadows just men- 
tioned. The figures in this luminous field will vary from 
person to ])ei’Son, even from eye to eye, but in almost every 
eye some will be found that move and some that remain 
fixed or only move with the eye. Of the moving figures 
some are due to particles ami viscous fluids .on the surfacd 
of the eye ; they seem to move downward, and are changed 
by winking. Notice, for example, the horizontal bands that 
follow a slow dropping and raising of the upper lid. Such 
appearances as tiese, since their cause is not really in the 
eye but outside of it, have been called pseudentoptic by 
Laqueur. Others, the muscce volltantes, are frequently 
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noticed without any apparatus ; they appear as bright 
irregular threads, strings of beads, groups of points, or 
single minute circles with light centres. They seem to 
move downward in the held, but actually move upward in 
the vitreous humor where they are found. Of the per^ 
maiient figures, some are due to irregularities of structure 
or small bodies in the crystalline and its capsule (spots 
with dark or bright centres, bright irregular lines, or 
dark radiating lines corresponding probably to the radial 
structure of the lens) ; others of a relatively permanent 
character, it is said, can be produced on the cornea by 
continued rubbing or pressure on the eyeball. 

b. The round s^mt of liglit in which these things are seen 
represents the pupil, and the dark ground around it is the 
shadow of the iris. Notice the change in the size of the 
spot of light, as the eye is accommodated for different dis- 
tances (cf. Ex. 108), or as the other eye is exposed to, or 
covered from, the light. The change begins in about half 
a second. It shoAvs the close connection of the iris 
mechanisms of the two' eyes, and is typical of the Avay in 
which the two eyes co-operate as })arts of a single visual 
organ. 

Some of these entoptic observations may be made with a 
pierced card alone, or simply by looking directly af a broad 
expanse of clear sky without any apparatus at all. 

Helmholtz, 184-192, and Tafel 1., which shows the appearance 
of several of these entoptic objects, Fr. 204-214 (149-156) and PI. V., 
also 548-558 (419-427) ; Laqueur. * 

111. Retinal Blood-vessels, Purkinje’s Vessel Eigures. 
a. Concentrate a strong light (preferably in a dark room), 
or even direct sunlight, with a double convex lens of short 
focus on the sclerotic in the outer corner of ’the eye of the 
sutjejct, requesting him to turn the eye toward the nose 
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and giving him a dark background to look toward. Maice 
the spot of light on the sclerotic as small and sharp as 
possible, and give to the lens a gentle to and fro or ciriailar 
motion. After a little the subject will see upon the field, 
which the light makes reddish-yellow, the dark branching 
figure of the shadows of the retinal vessels. Notice that 
the spot directly looked at is partially surrounded, but not 
crossed, by the vessels. In this lies the yellow s])ot (iriacula 
lutea), the retinal area, of clearest vision. The centre from 
which the vessels radiate lies in the point of (uitraiice of 
the o[)tic nerve. In tliis form of the experiment the light 
radiates in all directions within the eye from the illumi- 
nated point of the sclerotic. I 

h. Somewhat the same sort of image is to be secured by 
moving a candle about near the eye, below it and a little to 
one side. In tliis experirmmt some indication of the r(‘gion 
of the ycdlow s])ot is to be seen. This time the light enters 
by the pu])il, forms an image on a part of the retina some- 
what remote from the centre, and this retinal image is 
itself the source of the light by which the vessel shadows 
are cast. 

c. Look ihi’ough a ])in-holc in a card, held close before 
the eye, at the sky or sonu^ oilier illuminated surfaci;, or at 
a broad^ gas-flame. Live the card a rather raj^iid cinuilar 
motion, and the finer retinal vessels in the region of the 
yellow spot will readily be seen, among tliem also a small 
colored or slightly tinted spot (best seen, jicrhaps, by gas- 
light) representing the macula, and in its centre a shadowy 
dot (representing the fovcAi, the point of clearest vision), 
which appears to rotate wlum the motion of the card is 
circular. If the card is moved horizontally, the vertical 
vessels alone ai^pear; if vertically, the horizontal vessels. 
Notice also the granular api)earance of the macula; the 
granulations have been supposed to represent the visual 
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cones of that region. The finer retinal vessels can also be 
seen when looking at the vacant field of a compound micro- 
scope, if the eye is moved about ra]udly. 

In all cases it is important that tlie sliadows be kept 
moving ; if they stand still, they are lost. The explanation 
is partly idiysiological (the portions of the retina on which 
the vshadows rest soon gain in sensitiveness enough to com- 
pemsate for the less light received) and pai-tly psychological 
(moving objects in general arouse spontaneous attention, and 
those whose images rest continuously on the retina without 
motion are particularly subje(‘t to neglect). 

Once having become familiar with tliese vessel figures, it 
is often possible for the observer to see traces of them 
without any a|)paratus. Parts of them, with something of 
the yellow spot, may sometimes be seen for an instant as 
dark figures on the dilfusely lighted walls and ceiling, or as 
light figures on the dark lield of the closed eyes, when the 
eyes are o])ened ami closed after a glance at the window on 
first waking in the morning, or as blue figures when looking 
at the snow and winking on a bright winter morning. 

Helmholtz, A, 192-108, 555, Fr. 214-221 (150-101), 528 (402). 

112. Ketinal Circulation. Look steadily through two or 
three thicknesses of blue glass at the clear sky or n bright 
cloud, and observe the bright i)oints darting hither and 
thither like bees in a swarm or snowflakes on a windy day. 
(Careful observation will also establisli tliat the bright points 
are followed by shadowy darker ones. Pick out a speck ort 
the window to steady the eyes, and observe that while the 
movements of the points seem irregular the same lines are 
retraced by tluun from time to time. When several of 
thei^* courses have been accurately determined for one of 
the eyes, repeat the experiment for demonstrating the finer 
retinal vessels (Ex. Ill, c), and notice that fine vessels 
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are found which correspond to the courses that the points 
seem to follow. These Hying points can be seen without 
the glass by a steady ga^e at an evenly lighted bright sur- 
face, and sonietinies a rhythmical acjceleration of their 
movements will be found, corresponding to the pulse. 
Helmholtz explains the ])]ieuomenoii by a tem])orary clog- 
ging of fine cai)illa.ry vessels by large blood corpuschvs. 
The bright lines (the apparent tracks of bright points) are 
really the relatively em})ty cajhllary tubes ahead of the ccu*- 
puscles, which, after an instant, are. driven onward by others 
crowaling behind, winch in turn give tluj shadow that ap- 
parently follows the bright ])oints. 

Helmholtz, d, 108 t*., Fr. 221 (887), 555 (125); Kood. 

113. The lllind 8[)ot. Mariotte’s Experiment. The point 
of entrance of the optic nerve is unprovided with visual 
end-organs and is irn‘sponsiv(i to liglit. This insensitive- 
ness is easily demonstrated with the diagrams b<dow. 



a. Close the loft eye, and k(*(*ping tlu', right fixed on the 
\ipper asterisk in tluj diagram movt^ the latter toward the 
eye and away from it till a point is found where the black 
oval disappears. For thci blind spot of the left eye, turn 
the diagram upsidt' down and close the right eye. 

The blind s])ot may be demonstrated simultaneously in 
both eyes with the figure on tin* next ]>a,ge. The experi- 
:iixenter should look at the asterisk whihi he holds a card 



114 ] 


THE MECHANISM OF THE EYE. 


103 


in the median plane of his head, to prevent each eye 
from seeing the other’s part of the diagram. 

o o 

h. To draw the y)rojection of the blind spot, arrange a 
liead-rest ()p])()site a vertical sheet of wliite paper, and 15 or 
18 inches distant from it. Tut a dot on the paper for a 
fixation point. Fasten upon the end of a light rod a bit of 
black ])a})er about 2 mm. scpiare or blackcui the end of the 
rod with ink. Bring the face into ])ositi()n, close one ey^, 
and fix the other upon the dot. Move the rod slowly so a: 
to bring the little scpiare over the ])art of the ])aper corre- 
s])onding to the blind spot, dotting on the paper the points 
where tluj scpiare disa])pears or reappears. Kepeat at vari- 
ous jioints till th(^ outline of the projection of tlie blind spot 
is com[)lete. If the ma2>[)ing is carid’ully carried out, tlie 
map will probably also show the ])oints of departure of the 
large blood-vessels that eiiter with the nerve. 

Uelmholtz, A, 250-254, Fr, 284-289 (210-214). 

114. Tlie Filling-out of the Blind S])ot is of considerable 
psychological interest. 41ie mind supplies what is lacking 
in the sense, and in doing so is influenced both by the sensa- 
tions of the parts of the retina surrounding the spot and 
by previous (‘xiierience. In ordinary two-eyed vision the^ 
blind sjiot of one eye corres])onds to a seeing spot in the 
other, and this with the movements of the eyes amply sup- 
plies the defect. The spot, furthermore, lies so far out 
of the range of clc^ar vision tliat its existenc^e is habitually 
overlooked, even in monoe-ular vision. 

a. When the image of the oval in a of the last exjieri- 
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ment is brought wholly upon the spot, the paper seems an 
unbroken white, because the adjacent parts of the retina 
are stimulated with white. When, however, the diagram 
is held a little nearer so that the edge of the black oval can 
be seen, the tilling is part black and part white. 

b. The ehect of experience appears when the oval is 
replaced by such a iigure as that below, or any other in 
which the bars stand out well from one another and the 
background. 



When the image of the middle of this diagram falls upon 
the blind spot, one bar will seem to (;ross comjdetely over 
the other. Bars that cross are so much more frecpient in 
experience than those that are mitered together that the 
sensations of the adjacent ])arts are thus interpreted. 

* »Skill in observation in indirect vision seems to hinder this 
hlling-out process somewhat, probably by aiding in more 
exact distinguishing of the character of the sensations 
received. Both ITelmholtz and Aul)ert find themselves 
unable to determine how the parts of the figure resting on 
the blind spot are related. 

IlelmhoUz, A, Fr. 7^4-745 (.''>74~.58a); Aubert, A, 50.5 
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115. The Yellow Spot, the Macula Lutea, The projection 
of the yellow spot in the visual field can be made visible in 
several ways. Two have already been mentioned in Ex. 
Ill; others are as follows; Close the eyes for a few 
seconds and then look through a flat-sided bottle of chrome 
aliiiii solution at a briglitly lighted surface or at the clear 
sky. In the blue-green solution a rose-colored spot will be 
seen which corresponds to the yellow spot. The light tliat 
comes thi'ough the chrome alum solution is chieliy a mixture 
of red and green and blue. The pigment of the yellow spot 
absorbs a portion of the blue and green and transmits the 
rest, which makes a rose-colored mixture, to tlie visual 
organs behind it. The .same can be very beautifully de- 
monstrated with violet or purple gelatine sheets. 

Ilolmholtz, /I, Fr. 548-551 (419-421); Maxwell; Sachs; llering, C. 

IIG. Intermittent Illumination. The region of the yel- 
low si)ot can be seen, together with many other curious 
tigiii'cs and pa.tt(*rns, when the illuminaticm of a single eye 
is made intermittent by jnoving the spread lingers rapidly 
to and fro before it. Something may be seen when the 
open eyes are fixed on a uniformly lighted surface, but more 
when they art^ turned with cIos(m 1 lids toward a bright sky 
or the sun itself. The figures ])r()bably differ in different 
eyes and some are beautiful and (daborate. Sometimes with 
steady fixation the tigures give place more or less completely 
to a general streaming of line particles, suggesting the flying 
specks of Ex. 112, but finer and of less regular course* 
Vierordt credited the apjiearance to the circulation of the 
blood ill the retinal vessels ; Helmholtz is inclined to think 
the fine pai*tieles lymph corpuscles rather than blood corpus- 
cles. Similar iihenomena are to lie observed with black and 
white disks when rotated at less speed than that required 
for uniform mixing of the black and white. 

A, 532 f., Fr. 502 (381) f.; Exner, F. 
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117. Acuteness of Vision, Minimum Visihile. a. Place 
the parallel line diagram used in Ex. 118 in a good liglit 
and walk backward from it till the lines can just no longer 
be distingiiislit*d as separate. Tf the experimenter's eyes are 
not normal, he should use ghisses that fit Jiis eyes for dis- 
tinct vision at the distance nMpiired. Measure the distance 
between the eye and the diagram, and calculate the angle 
whose apex lies in tlu^, crossing point of tlni lines of direc- 
tion (about 7.2 mm. back of the cornea and 15.() mm. in 
front of tlui retina) and whose base, is the distance from 
the middle of one line of tln^ diagram to the middle of the 
next; in this diagram l.b mm. This angle measures the 
least visible extent when discrimination is involved; the 
least luminous extent that can still im])ress the retina is far 
smaller, as witness the visibility of the stairs. On tln^ sup- 
position that if tln‘. sensations of two cones are to be separ- 
able th(*y must be se])arated by an unstimulated (;one, or at 
least by a less stimulated one, it has generally b(‘en consid- 
ered that the eon(\s (^ould not subtend a greater angle 
than that found in this experiment, 00" — 1)0", represent- 
ing 0.004 — 0.000 mm. on the retina, and this agrees 
well with microscopical measurements. l>ut as Helm- 
holtz notices (/V/y.v. 2d ed., ]). 200), this ex|)eriment 

does no more than prov'c that there are on the retina rows 
of sensitive elements, the middle lines of which are sepa- 
rated by tlio angular distance found in the experiment. 

^The elements tlumiselves, if ])roj)erly arranged, may be 
somewhat larg(*r. (Calculation of the number of such ele- 
ments in a s(i[. mm. of the retina, based on tliis view of the 
experiment, agrees well in the case of Helmholtz’s own 
determination with tln^ result of microscopic^al counting. 

h/ The discriminative power of the retina falls off rapidly 
in all directions from the — more ra])idly above and 
below than in a horizontal direction. Arrange a 
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and perpeildicular plane as in Ex. 113, ^ (or if a perimeter 
is at hand Tise tliat). Place ui)on the end of the rod used in 
tliat exj)eriment a card on wliich liave be^iii made two black 
dots mm. in diameter and 4 mm. from centre to centre. 
]\Iove the card liorizontally toward tlie fixation ])')int, begin- 
ning beyond the point at which the two dots can be dis- 
tinguished and moving inward till they cj ,n just be 
distinguished. Measure the distance from the fixation 
])oint, and repeat several times both to the right and left 
of tlie fixation point, holding the card st) that both dots are 
in eacli ease e(pially distant from that point. Try the same 
for the vertical meridian. 

IToluiholtz, A, Fr. 201-r>01 (215-223); UhtholT. On a, 

Aubert, yl, 57b-585; on 6, 585-51)1. On 5, see also Kxner, 7>, 24:^ ff. 



118. Bergmann^s Experiment. Place the left hand dia- 
gram in a good li.^ht, and look at it from a distance of a yard 
and a lialf or two yards. Observe tlie apjiarent bending and* 
beading of the lines. This is believed by 1 bdmholtz to be due 
to the mosaic arrangement of the visual cones. The cones 
that are touched by tlie image of one of tlie white lines are 
stimulated in pro])ortion as they are more or less toiielied. 
Tliose that are much stimulated furnish tin* sensation of 
the ^hite line and its irregularities; those that are little 
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stimulated join with those that are not touched at all to 
give the image of the black line and its irregularities. 
This is sch'^matically represented in the right hand cut. 
Von Fleischl, on the otlier hand, has made experiments to 
show that 4ie bending and beading of the lines is not con- 
nected with the retinal mosaic, but ratlun* with movements 
of the eyes that sweej) th(‘ point of fixation l)a(;kwai*d and 
forward ac;;oss the lines. Further than tliis his exphuiation 
does not go. 

Helmhol tz, 257-2r)8, Fr. 21):3 204 (217-218); von Fleischl. 

119. , Me(*hanical Stimulation of the Retina, a. IMios- 
pheuf'S. Turn tlie opcm or clost*d (^ye as far as ])ossible 
tov’.anl the nose ami ])r(*ss on tin; (*yelid at the outer corner 
w/ith the finger or the tip of a i)enholder. ^On the o})])osit(* 
side of the visual field wdll be s(»en a more or less c()ni])l(*te 
circle of light surrounded by a narrow dark band, outside of 
which again is a narrow band of light. Notice' the color of 
the light seen. Get phosphenes by pressure at other ])oints 
of the eyeball. 

h. Press the eye moderately wdth some' large' object, say, 
the cangle of the wrist when the hand is bent backward, and 
continue the pressun^ for a minute or two. P(‘(*uliar pal])i- 
tating figures will be observed and stiunge ('olor effects. 
The former Helmholtz compares to the tingling of a mem- 
ber that is asleep.” 

c. Standing before a window, close the eyes and turn 
Hiem sharply from side to side. As they ri'ach the extreme 
position in either direction, obs(*rve immediately in front of 
the face a sudden blue spot surrounded by a yellow band. 
A second fainter spot farther from the centre in the direc- 
tion of motion may also be seen. The appearance of the 
first spot is due to a mechanical stimulation of a portion of. 
the retina at the edge of the blind spot in the eye that tijms 
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inward. The second spot belongs to the corresponding area 
in the other eye. 

llelinholtz, A, 235 Fr. 200-270 (100-200), 744 (583) f. 

120. Idio-retinal Liglit, Light Chaos, Light Dust. a. Close 
and cover the eyes so as to exclude all light, taking care 
not to press them, or ex])eriment in a ])erfoctly dark room. 
Let the after-effects of objcuitive light fach^ away, and then 
watch tlie sliifting clouds of retinal light. The cause of 
tlie retinal liglit is not altogether clear, but it is supposed 
to be a chemical action ol the blood on the nervous portion 
of the visual apparatus. Aubert estimates its brightness 
at. alnnit half the brightness of a sheet of ])aper illuminated 
by the planet Venus wlien at its brightest. 

/y. When awake in the night time in a room that is almost 
])(*rfectly dark (e.g., in whicdi the form of the window and 
the large pieces of furniture cannot be *made out), notice 
that the white clothing of the arms can be seen faintly 
when they an^ moved about, but not when they are still. In 
the last case the very faint light they rehect is not sufficient 
to make them distinguishable from clouds of idio-retinal 
light. 

H(‘linlioltz, A, 242-243, Fr. 274-275 (202-203). On 5, Ilelin- 
lioltz, H. 

121. Electrical Stimulation of the Visual Apparatus. 
Moisten thoroughly with salt water both the eledrodes and 
the portions of the skin to which they are to be a])plied. 
Ifface one of the electrodes on the forehead (or on the edge 
of the table and lay the forehead u]M)n it), the other on the 
back of the neck ; or, if the current is strong enough, hold 
it in the hand or lay it on the table with the hand upon it. 
At each opening or closing of the circuit, a bright flash will 
be seen, whether the eyes are closed or open. With the eyes 
close^ and covered, the effects of the continuous current 
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may be obstjrved. lii this (iase it is well to apjdy the elec- 
*trode slowly and (jarefully so as to avoid as iimcli as possi- 
ble the hash caused by the sudden closing of the circuit. 
When tlie positive electrode is on the foreliead, tlie nega- 
tive on the back of tlie neck, a transient pale violet liglit 
will be seen distributed generally over the held and forming 
a small bright spot at its centre. Sometimes traces of tlui 
blind spot also a[)pear. The violet light soon fades, and on 
opening the circuit there is a notable darkening of the 
held, with a momentary vi(*w of the blind spots as bright 
disks. When the negative electrode is on the foreliead, the 
positive on the back of the neck, the ]>henomena are in 
general reversed, the darkening occurring on closing the cir- 
cuit, the violet light on opening it. Helmholtz sums up 
thesis and other experiments in the following law: (Con- 
stant (deetrical circulation through the retina from the 
cones toward the ganglion cells givers the sensation of 
darkness; circulation in the contrary direction gives the 
sensation of brightness.” {Phijs. Opt., 2d ed., p. 247.) That 
the blind spot should aj)pear as* a disk of different color 
from the rest of the iield seems to be due to the fact that 
the sensitive ])arts of the retina immediately surrounding 
it are somewhat shiidded from the electric (uirrent, and as 
usual their condition is attributed to tlie blind spot also. 
The ex[)eriment is not altogether a ])leasant one, on account 
of the fending which the current produces in the head, the 
electrical taste. ” in the mouth, and the reddening of the 
skin iindei* the electrodes. 

Helmlioltz, A, LM:i-248, Fr. 275-281 (20:5-207), 744 (.583). 

Retinal Fatkjue and Adactatton. 

122. Retinal Fatigm*. Stare with perfectly fixed and 
motionless eyes at a selected spot on a varjegated carpet or 
wall paper, and notice the levelling en'ect of fatigue. , The 
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differeiKM's in coloi- aiul })atterri gradually disappear, and 
the whole field becomes a nearly uiiilbrni cloud. The parts 
of the re'iiiiia that are strongly stimulated are brought 
down to the general level ; those that are little stimulated 
are built up to it. Every wink or slight movement of the 
eyes causes a general brightening uj) of the held and 
restoration of vision. The cx])erim(mt is particularly easy 
to make when looking at a uniform surface with faint 
shadows lying on it. 

ITi'liiiholtz, .1, 508, 555 If., Fr. 478 527 (402) If.; Fick, B, 

222; Tr(4tol; Iloring, (\ See also the discussion on this topic by 
A. E. Fick ami Ilering. 

12M. Adaptation of the Eye. a. The adjustment of the 
eye to the intensity of its illumination is effected partly by 
c.hange in the size of the ]m]>il, and ])artly by changes in 
th('. rcitina itself. The hrst is of common observation, and 
the connection of the two eyes in this respect has been 
notic(‘d in Ex. 110, b. The effects of going from a dark 
room into a light room aiid rire rersa, and the gradual im- 
provement of vision on rmnaining in one or the other, are 
also familiar. 

b. It has not, however, been so generally observed that 
adaptation to very weak lights is much more favorable to 
the ])erce])tion of colorless light than to colored. This may 
easily be observcnl in a dark room with single flashes of a 
ratlier faint Geissler tube. Before the room is darkened, 
and for a short time after, tlu? colors of the light are readily 
])erceived. After some time, however, they nearly or (piite 
fail, seeming to be lost in the increased brilliancy of the 
Avhite light. It is important that there should be an inter- 
val between the flashes sufficient to allow all the effects of 
one to disappear before anotlier is given. If the room is 
not gompletely dark, the head of the observer and tlie tube 
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must ho oovored closely with an opaque cloth to allow full 
adaptation. 

Aubcrt, /1, 48:{ f., B^ If. ; Charpentier, A, 154 If. ; Treitel; Hering, 
C. On 5, llillebraiid. 

AFTP:R-JMA(iKS. 

Al'tcu'-images, Accidental or Consecutive Images. After- 
innigos iii wlii('.h the relations of light and shade of the 
original oh j(‘(rt are ])res(‘rv(‘d an* called Posit irr Afttn-mnujes. 
Those in wliich tliese relations are reversed (as in a plioto- 
graphi(* lu'gative) are called jNeijativo After-innujes. Posi- 
tive aft(‘r-images are of various colors, hut most important 
to notice lien* an* tliose of tlie (*.olor of tlu^ ohjecd, (Jiha- 
rotorcd). and of tlie com])h‘mentary color {t>i)jnfsite-rolom1). 
Megativi* after-images, so fav as ohserv(*d, are always oj>ih)- 
sita-rolorrA. .All after-images, especially the positive*, can 
host he* ohserved in the morning when the eyes are well 
rested. 

ll?4. Negative A ft(*r-image*s. a. Look ste*adily for a minute 
at a fixed ]K)int of the window, then at a white screen or an 
evenly lighted, untigure'd Avail ; the dark parts of the win- 
dow Avill now appe*ar light and tiie light elark. 

h. (le*t a lasting aft«*r-image and look at a corner of the 
room, or at a ediair or othe*r ohjec't of uneven surface; 
notice how the image sc'ems to fit itself to the surface upon 
Avhieli it rcists. Aft(*r a litth* jiractice it is also jiossihle at 
will to see the image floating in the air instead of lying on 
the background. 

c. Look steadily at a hriglit-coh)r(*d olijecit or some bits 
of colored paper, tli(*n at the sc-r(*(*n ; observe tliat the colors 
of the after-images are a])])roxim.ately com])lementary to the 
colors of the objects producing them. 

d. Negative After-images upon a Background faintly Tinged 
with the Stimulating Color. Fasten upon tlie color-ipixer a 
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wliite disk upon which has been painbid a six rayed star of 
hmI. Set the disk in ra])id rotation, bring tlie (;y(*s within 
eight or ten indies of the disk, and after half a ininute siid- 
denly withdraw them to thirty or forty inches. As tln^ 
li(‘ad is drawn back the complementary color will be seen 
l;o ])r(‘ss ill upon the disk from all sides while the red con- 
i rads. AVhen the head is again approached to the disk the 
n‘d will (Uilarge and the blue-gri'cn disap])ear. The (‘ause 
of the rushing in of the blue in the first eiise is the eontrae- 
tion of the retinal image, which of course di'c.reases in siz(‘ 
as tlui head is drawn back, and is thus brought upon jiarts 
of file rcjtina that have been more strongly stimulated. 
Wlum the head a])]noaches tKe disk the retinal image 
enlarges and its outer portion lies on a fresh area.^ 

Negative after-images are s()inj[*times very lasting, and for 
that reason ai*e tliose most freapiently noticed in ordinary 
experience. Th(*y are phenomena of retinal fatigue (Helm- 
holtz), or of retinal restitution (llering). 

125. Tositive After-images. These images are not diffi- 
cult to see, if after a brief’ stimulation the eye is shielded 
from furtluu* action of light. Thus, when tlu' gas is sud- 
denly turned off in a dark room, the jmsitive image of the 
Ihime and the burner is very easily seen. 

a, Tjook for an instant (one-third of a second) at the win- 
dow, then close and cover the eyes. Notice* that the after- 
images is like the winele)w in elistribution e)f light and shade, 
bright panes anel elark bars, anel at first like it also in color. 
Afte'i* some ])racti(*.e it is also possible te) see, for a small 
fraction of a second, the positive after-image of almost any 
bright object on suddenly turning the eyes from the e)bjee*t 
to some other part of the field, esj)ecially if the latter is 
dark. The positive after-image is of short duration and 
less readily observed than the negative. It has generally 

* S'or^a still simpler experiment, see Mind, Ser. 2, II., 18U‘l, 485, note. 
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been considered a plienoimnion of retinal inertia, a prolon- 
gation of the original retinal excitation, and siicli a prolonga- 
tion does undoubtedly exist. (Jliarpentier and Hess, however, 
in experiments with very brief stimulation, Jiave found 
a transient negative image coming between the original 
impression and the ordinary positive after-image observiul 
witli longer stimulation. The full seri(‘s would tlnui be : 
1. Prolongation of the original stimulus ; 2. First Negative 
Image; 3. Ordinary Positive After-image; 4. Ordinary 
Negative After-image. 

h. Colored Positive After-images. Look for an instant at 
a gas flame through a ])iece of red glass, then close and 
cov(*r the eyes and observe the red image ; repeat the exper- 
iimmt, continuing tlie fixation of the flame for half a min- 
ut(‘; the resulting after-image will be briglit as before but 
of the opposite color. 

c, Aft(ir-images on Dark and Light Backgrounds. Ot‘t 
an after-image of tlie window of not too great intensity, and 
project it alternately on a sheet of white pa])er and the dark 
field of the (dosed and covered eyes; it will be found nega- 
tive on the white background and positive on the dark. 
Some observers find a periodic reai)pearance of ])ositive 
after-images, or an alt(?rnation c^f positive and negative 
images, without a change of background. 

d. Se(pience of Colors. Get a good after-image of the 
window, and observe with closed and covered eyes tlie ])lay 
of colors as the image fades. Try s(;veral times and observe 
that the order of succession is the same. According to 
Hering, this play of colors would not take place if the origi- 
nal stimulus were absolutely colorless. 

On Exs. 124 and 125, consult the following: Helftholtz, 480 If., 
501 If., Fr. 440 (0:18), 471-500 (357-380); Wundt, A, 3te Aufl., I., 
472-470, 4te Aufl., T., 512 If.; Hess; Charpentier, B, Se4 also ref- 
erences given in Chap. VI. for Successive Contrast. 
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126. Effect of -Eye-motions on After-images. Get a mod- 
erately strong after-image of the window ; look at the wall 
and keep tlie eyes actively in motion. The image will be 
seen with difficulty while the eye is in motion ; when, how- 
(wer, the eye is brought to rest, it will soon appear. In 
geiiciral, any visual stimulus that moves with the eye is less 
i‘ffective than one that does not. 

Exner, ^!. • 

127. The Seat of the After-image. An after-image due to 
stimulation of one eye may, under proper conditions, some- 
times seem to be seen with the other. From this it has 
been iijfi*rred that the seat of after-images is central, not 
])tu*iphoral ; tliat is, in the visual centres of tlie brain, 
higher or lower, not in the retina. The following experi- 
ments show, however, that the after-image is really seen 
with the eye lirst stimulated, and so render the hypothesis 
of a c,entral location unnecessary. 

a. L(;ok steadily for a considerable time at a bit of red 
pa])er on a Avhite ground, using only one eye, say tlie right, 
and k(ieping the other closed; when a strong after-image 
has been scnnired, remove the paper, close the right eye, 
op(ni tlu* left, and again look steadily at a fixed point on the 
white ground ; after a little the field will darken and the 
after-imag(^ will reajipear. If tln^ red does not produce a 
sufficiently lasting image, substitute for it a gas flame or 
some other bright object. 

b. That we have really to do with the eye originally* 
stimulated (its present dark field sup[)ressing the light one of 
the other eye), appears from such exjieriments as the fol- 
lowing: Get ^he after-image as before; then open both 
(‘yes and bring a bit of cardboard before the eyes alter- 
nately. Bringing it bcfon^ the left eye rather brightens tlie 
ima^e ; bringing it before the right dims or abolishes it. 
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The image is thus chiefly affected by what affects the right 
eye. 

c. Get the after-image again, and close and cover both 
eyes ; observe the color of the after-image, as projected on 
the dark held; then open the left eye, letting the right eye 
remain closed and covered. The after-image will be seen, 
not in the color it has wlien the right eye is open and the 
image is projected in tl)^ light held, but in that which it 
lias in the dark held of the closed eye. 

These experiments ])rove tliat after-images belong to the 
stinudated half of the visual a])})aratiis, but they do not 
sliow whether the images belong to the retina of that lialf 
or to the nervous ceiities connected with it. Other consid- 
erations, such, for example, as the fact that the image fol- 
lows evi'ry motion of the eye, even those that are usually 
uiu;ons(;ious, is affected by jiressures exerted on tlie eyebaJl 
and by electric currents sent through it, together with Ex- 
ner’s direct experiments on retinal and optics nerve stim- 
ulation, supyiort the retinal location, in favor of which 
current opinion is practi(?ally unhniinons.. Some observers, 
however, have been able to get a binocular iifter-image of 
a somewhat different character ; s(‘e binocular section of 
Chap. VI. 

Dolabarro ; Exnor, /), 240 ff. and E ; Fick and Giirber, 290 ff. 

128. After-images of Motion. Tliese after-images can be 
secured from almost any continuously moving object. They 
are often unyileasantly striking after looking at the water 
from the deck of a vessel or at the landscape from a ca.r 
window. In the ex])eriments below, variations of one of 
the laboratory m(*thods of producing them ye given. 

a. Fasten upon the rotation apparatus a disk bearing a 
large number of ecpial black and white sectors ; set it in 
slow rotation and gaze fixedly at it. The rate mugt not 
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be fast enough to blur the outlines of the sectors very 
much. After a nioirient or two of steady fixation, bring it 
suddenly to rest and observe its slow illusory backward 
movement. 

b. Fasten on the a[)])aratus a disk like that in the accom- 
])anying cut, and g(it an after-image as before, fixating the 
(icntre. llring the disk 
suddenly to rest, or 
look away from it to a 
page of print or into 
tlie face of a bystander 
and notice the apparent 
sliriid^ing or swelling, 
reversing the ])revious 
motion of the spiral. 

Illusions of increase 
ov decrease of distance 
sometimes acc-om i)any 
those of motion with 
tliis disk. Keiieat the experiment, but this time instead of 
looking at some ol)ject, (dose the (^yes and turn them toward 
the sky or other source of briglit light. The apparent motion 
will be ol)served again in the red-yellow field. 

e. Hold over half of the disk while in rotation a ]>ie( 3 e of 
cardboard, fixate the centre of the disk, and get the after- 
image. Observe that the after-image is limited to the 
portion of the retina stimulated. 

d. Get a monocular after-image of the spiral, with the 
right eye, for example. Then close the right eye and o})en 
the left; the aft(n--image of motion av ill l)e ])rojected like 
that of color in Ex. 127. 

e. Hold jus? above the s[)iral disk a larger disk of paste- 
board, cut witli a radial slot an inch or two wide. When 
the spiral is now revolved a narrow strip Avill be seen in 
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which the motion is in one direction only. Get a strong 
after-image and observe it with closed eyes as in h above. 
It will sometimes be possible, at least lor a short time, to 
get a reversal of the previous illusion ; the part of the image 
correspoiiding to the slot will a])pear to stand still while the 
adjacent parts move, or botJi will appear in motion in op- 
posite directions. This ex])eriment is apparently easier 
to get with the antirrheosco})e, where the moving field is 
larger. With that instrument tlie effect mentioned can be 
seen in the ordinary projected after-image. 

When a strong after-image is ])rojecte(l upon a set of 
straight lines at right anglc‘s to tlie din^ction of movement, 
some observers have seen tlie lines more or less distorted by 
it (l)udde vSJiAv them thus affected when the lines did not 
cross, but only entered the moving ])art of the liidd) ; others 
have found the lines entirely unaffected. It seems prob- 
able that the breadth and distinctness of the lines have 
something to do with this difference of results. 

Exner, who believes in the retinal seat of color Jifter- 
iniages, is inclined to give a more central location to these 
of motion. In his ojnnion such experiments as those above 
indicate also that our knowhidge of such motions is a sensa- 
tion^ not a ])erreption. 

After-images of motion have bemi explained by actual, 
though unconscious, movcMuents of the eyes, like the aj)- 
parent movements of objects in dizziness. This is certainly 
incorrect ; for in h it would seem m‘cessary that the ey(;s 
should move in all directions at once, and c shows that the 
effect is limited to a jiortion of the field, which would be 
impossible if it were due to actual eye motions. Tlie same 
was demonstrated by Dvorak by means of a disk with three 
concentric spirals, the* inner and outer ones being drawn 
in the same way, (right-handed s])irals, for examjde), while 
that between was drawn in the reverse direction. How far 
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some psychical representation of ocular motions co-operates 
in the illusion would be hard to say. 

Helmholtz, A, Vr. 766-769 (603-605); Bowditcjh and Jlall; Mach, 
Ay 59-61 (see also 61-65 for yet another kind of after-image), and Ji, 
65-67; Exner, B and C, 440 ff.; Dvorak; liuddc; von Eleischl; 
lleusc; Zehfuss. 

Movements of the Eyes. 

The ey(5 is a moving as well as a seeing member; and its 
motor funetions are of great importance for psychology, es- 
pecially for the theory of the visual ])erception of space. 
Tlie experiences of the eye in motion have a controlling 
inlluence upon its perceptions even.wlien at rest, as will 
appear in some of the experiments of (Jhap. VII. 

All motions of the eye may be conceived as rotations of 
greater or less extent about one or more of tliree axes : a 
sagittal axis, corresponding nearly with the line of sight ; 

•A frontal axis, extending horizontally from right to loft ; and 
a vertkal axis. Theoretically all these intersect at right 
angles in the Centre of llotation of the eye. As a land- 
mark from which to measure eye-movements, tliat position 
(approximately) is taken which the eyes assume when the 
head and body are erect and the eyes are directed forward 
to a distant horizon. This is known as the Hriniari/ Fosi- 
tion of the eyes (or the lines of sigltt) ; any other is a 
Secondary Fosition. The point on whicli the eyes are fixed 
when in the jiriiiiary position is the Frimnry Fixation 
Voint, or Frincipal Foint of Regard, 1^110 Field of Vision ^ 
is the extent of space that can be seen with the eye at 
rest. The Field of Regard is tln^ extent of space that can 
))e seen when the eyes are moved. In the following experi- 
ments the word Rotation, except in the expression ^‘centre 
of rotation,” is reserved for turnings about the sagittal 
axis. 
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129. Ilellex Movoiiients of the Eye. Of the first impor- 
tance among eye movements is the constant reflex tendency 
of the ey(; to move in such a way to bring any bright 
image lying on a ])eiii)heral ])art oAthe retina, or any to 
wliich attention is directed, into the area of clearest vision. 
Many evidenci^s of this tendency will lie found in the 
ordinary course of vision. ]>y way of experiment, try to 
study afteiii.ivcly a wusnt rollfans or a negative after-image 
that is just to one side of the direct line of sight. The 
ap]);irent motion of the object measures the energy of the 
reH(‘x. 

IdO. Assoeiab'd jMovaunents of the Eyes. The two eyes 
form a single, visual instrument; and (‘vtm when one eye 
is clos(‘d, it follows to a (considerable degree the movements 
of its o[>en comj)a!iion. Movements upward or downward 
in norimil vision arte always performed simultaneously by 
the two ey(*s. 

(f. Close oiuc eye, and, resting the flng(‘r-ti[) lightly on the 
lid, feel the motions of that (‘ye as tlui other looks from 
point to point ol’ tine ii(dd of regard. 

b, (let a monocular aft(*r-image, as in Ex. 127, and when 
it seems visibh; to the ()])en eye, notuce that it ac(C()m- 
panies tine iixation point of that eye as it moves from point 
to ])()int of tine litdd of regard. 

Auh(crt, d, (m1 it.; liering, ^1, 519 ff. 

121. Motions of the Eyes wlmn the Lines of Sight are 
• raralhd. 'fhe movements liere considcj’cd are somewhat 
simplitied for easier exposition. 

a. Donders’s Law ; the Law of Constant Orientation 
(Helmholtz) ; tine Law of lake Position with Like Direction 
(Ifering). 1 1 is evident that when the eye is fixed upon some 
point of its ti(dd, e.g., ten degrees upward and fifteen degrees 
to the right of the i)rimary position, it is not thereby fixed 
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as regards its sagittal axis, but might conceivably assume 
an indefinite number of ])ositions by different degrees of rota- 
tion about that axis. It might also, if not entirely free in 
its rotation, I'otate now through one angle and now through 
another, depending on the direction in which the line of 
sight had moved to reach the ])osition in which it is then 
Ibimd. As a matter lof fact, however, it does not assume 
an indefinite number of positions, but one and only one, no 
matter l>y wliat movements the line of sight has come to 
that ])oint. This is Donders’s Law ; and the fac^t that it 
expresses is of importance for sure and easy recognition of 
dirtictions in the ii(dd of regard, and for d(‘ciding whether 
or not ()bj(‘cts in the lield have moved when the eye itself 
has Vkhui moved. The correctness of this law is easy to 
demonstrate. 

Cut in a sheet of black cardboard two slits an eighth of 
an inch wide*, and four or five inches long, crossing at right 
angles. Set the cardboard in the window or before some 
other brightly liglded surface. Arrange a head-rest at a 
considerable distance, and Avheii the head is in position, get 
a strong after-iniag(5 of the cros.s, fixating its middle point. 
Tiien, without moving the head, turn the eyes to different 
parts of the walls and ceiling. Tlie images will suffer 
various distortions from tlie different surfaces uimn which it 
is ])roj(‘cted, but eacdi time the eye returns to the .same point 
the ijnag(‘ will lie as before. If the wall do(\s not offer lig- 
ur(‘s by whi(*h this can be dtdermined, have an assistant 
mark the position of the image upon it. The after-image is 
of coursci fixed on the retina and can move only as the eye 
moves. 

h. Listing’s Law. This law goes beyond Londers’s Law, 
and ass(u*ts that tln^ position is not only fixc'd, but that in 
niov<*ments from the primary position there is no rotation 
at all^ about the sagittal axis. In other words, the linal posi- 
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tion is such as the eye would assume if it were moved from 
its primary position to the ])osition in ([uestion by turning 
about a fixed axis standing perpendicular at the centre of 
rotation to both the primary and the ucav position of the 
line of sight. To show tliis recxuires a little more care than 
the last experiment. 

The observer must be phwied at aflistance of twenty-five 
or thirty feet from an extensive wall K])ace, with a suitable 
head-rest as before. The lines of sight are, of course, not 
strictly parallel at this distance, but the difference may be 
neglected. On tin', wall str(‘t(‘.h dark-colored strings as indi- 
cated in the accompanying diagram. The cross at the lower 
right hand corner shoidd be a])proximately in the ])rimary 
position for the observer. The longer vertical and horizontal 
strings sliould be twelve or fifteen feet long, the inclined 
one eighteen or twenty feet. The angle that th(» last makes 
with the others is not important so long as it is not too 

small with (uther. Fix- 
ation points of black 
cardboard or some other 
con spumous substance 
should b('. affixed as indi- 
cated by the little circles. 
The cross in the corner 
may be made by ])asting 
strij)s of bright-colored 
j)ap(;r half an inch wide 
and a foot long on a 
disk of white car d- 
board, or (better still) it 
may be made l)y the line 
of junction of four colored secXors, two hmI and two blue, for 
example The disk in (dther (jasc must lx* so arranged that 
it can be turned about its centre and one of its diaiiieters 
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be made to coincide with the oblicjiie string. When all has 
been arranged make the following tests : — 

Exact deterniination of the primary position. For most 
observers tliis is somewhat depressed below the horizontal 
position. Let the observer fixate the centre of tlie disk 
till he lias secured a strong and clear-cut after-image of it 
and then turn liis eye?, taking care not to move his head, 
to the fixation mark^ on the horizontal and vertical strings. 
If the corresponding lines of the after-image coincide with 
the strings, the head is in the recpiired position. If not, the 
head must be juoved a little to right or lidt if the error 
is with the vertical bar, and up or down if with the hori- 
zontal. The primary ])osition differs a little from observer 
to observer, and even witli the same observer at different 
times. 

Having found the primary position, have an assistant 
turn the cross disk so that one of its diameters coincides 
with the oblique string. Get a clear after-image of it, and 
look at the fixation point on that string. Again the bar of 
the cross will lie exactly 'upon the string, thus showing that 
no rotation of tln^ eye about the line of sight has taken 
place. The same would be true for any other direction of 
motion from the })rimary position, provided the movement 
were not of extreme extent. There is then a set of lines, 
radiating from the primary fixation point, along which the 
eye can move, so as to bring all parts of the same line suc- 
C(^ssively on the same part of the retina. Direct examina- 
tion of such a line and comparison of its parts is easy. 

Kestore the cross disk to its iirst position, incline the 
head forward or backward, or turn it to riglit or left before 
getting the after-image (thus bringing the eye into a sec- 
ondary position), and repeat the experiments just made. 
Notice that the bars do not now coincide with the strings, 
shoN'jing that the eyes have suffered a certain amount of 
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rotation. Such a rotation ai>pears for all secondary posi- 
tions (except when the lixation point both at starting and 
ending lies in a straight line passing through the primary 
lixation })oint), but the extent of it is small in the ordinary 
movements of tlie eyes, and extreme movements are usually 
avoided by simultaneous movements of the head. 

\Vith the cross on the disk vertical as in the cut, gc^t an 
after-image and lixate tlie mark on the obliqiui string. In- 
stead of being rectangular as before, the al'ter-image cross 
now appears somewhat distorted, like an obli(pie X. The 
after-image on the retina of course remains rectangular. 
The distortion of the image on the wall is the result of the 
interpretation now placed u])on it by the mind. The short 
string cross at tln^ same centre is known to be r(‘ctangular, 
and if the after-image cross fails to agr(a3 with it, the only 
liarmonization of the two is that the latter is not really 
rectangnlar. Oblicpie crosses in sucli a ])osition in i)revious 
exj)erience liave given rise to rectangular retinal images 
so oft(‘n that this int(u*})retation is immediate, and seems 
wliolly a matter of sensation. 

f'or a fuller account of Listing’s Law see Ap])en(lix I. 

Cf. Ilolinlioltz, A, Fr. 001-001) (402-400), 021 (470) ff., 702 (r)48) ff.; 
AubcTt, A, 050 ff. ; Wuiull, A, Ote. AuO., II., 04IT. ; llering, /I, 24811*.; 
Le Conte, 104-177. 

1A2. Actual Movements of the Eyes. Wundt-Lamansky 
Law. ]\a])id motions of the eyes when they move freely 
hnd do not follow strongly marktul lines in the fi(dd of re- 
gard, are not executed exactly according to Listing’s Law, 
though that gives correctly the end })ositions reached. The 
axis about which the eye turns is not always constant, and 
the paths of the fixation point as it moves in the field of re- 
gard are therefore not all straight. This is easy to observe 
as follows. In a dark room turn down the gas till it burns 
in a very small Harae. Then using this as a distant point 
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of departure in the primary position, look suddenly from it 
to other ])()ints of fixation in various directions about it, and 
notice the shape of the long positive after-images that result 
irom the motion of the image of the flame over the retina. 
These will probably liave the shape of the radii in tlie left 
hand ligure below, the vertical and horizontal being nearly 
straight, and the oblique curved. These, how(W(‘r, do not 
show immediately tile track of the fixation point. The 
newest ])art of the after-image is that next the light, the 
oldest j)art is that next the fixation point — at a in the 
diagram. If the points of the after-image curve are now 
inter[)reted in the order of time (taking the obli(pie curve to 



the right and n])ward, for examph*), it a])])ears that the (»ye 
at iirst inovial rather rapidly toward the right, but rather 
slowly upward, while at last it moved rather slowly toward 
th(^ right and rapidly upward. Tlotting a eurv(‘ in accord- 
anc(> with this interpretation, we get that given in />, which 
shows the true track of the iixation point. l>y similar ] dot- 
ting the other tracks may be found. 

It is said that for some eyes the after-images, though 
' iirved, do not coimdde witli tho.se tigunMl in A. 

Wundt, 7?, 139 If., ‘201-202; lleriiig, .1, 450-451; Laiiiaiisky. 


133. Convergent Movements of the Eyes. Tlu' laws of 
Ex. do not hold for convergent motions of the eyes. 
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When the lines of siglit converge in the ]mmary ])Osition, 
both eyes rotate outward ; as the lines of sight are elevated, 
the eonvergejice remaining the same, the outward rotation 
incrt‘ases ; as they are depress(id, the rotation diminislies 
and finally becomes zero. On a sheet of cardboard draw a 
series of equidistant parallel vertical lines one or two inches 
apart and eight or ten iiudies long, drawing the left half of 
the group in black ink, the right half in red. Cross both 
sets midway from top to bottom by a horizontal line, red in 
the red set, and black in the black set. Fasten the card- 
board flat upon a vertical siij)])ort, and arrange the head rest 
in front of it. The horizontal line of the diagram should 
be on a level witli the eyes. 

a. If the o])erator is unable to control the d(‘gree of con- 
vergeiuje voluntarily, he should fasten a bit of wire vertically 
between his eyes and the diagram in such a way that it cun 
be moved to and from the eyes. If he is able to control the 
(jonvergencc voluntarily, the wire is unnecessary, llring 
the head into position and converge the ey(\s, giving atten- 
tion to the diagram. It will be seen that the red and black 
lines are not quite paralhil (or do not quite coincdde), and 
that they are less nearly so as the convergence is increased. 
The red lines (seen by the left eye) seem to incline a little 
toward the right, and the bla(;k lines (seen by the right eye) 
toward the left. When the convergence is great, the hori- 
zontal lines also will show the rotation. This apparent 

^ rotation of the lines is not, as in the case of the after-image, 
a sign that the corresponding eye has rotated in the same 
way, but that it has rotated in the opposite way. 

b. Kepeat this with the head much incliiu'd forward 
(the equivalent of elevating the eyes) and with it thrown 
far back (equivalent of depressing the eyes), taking care 
that the same degree of convergence is maintained. In the 
first case the apparent rotation of the lines is increase^l, and 
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ill the secoiul deereased to zero, or even transformed into 
rotation in the opposite direetioii. 

llolmlioltz, Fr. 000-010 (400-470); Le Conte, 177-191; Ilering, 
/I, 400 If. ; Aiibert, A, OoS If. 

Involuntary Movements of the Eyes. Lay a small 
scrap of red paper on a large piece of blue. Eixate some 
])oint on the edge of the red. After a few s(‘Conds of steacjy 
fixation, the color near the line of separation will be seen 
to brighten, now in the red and now in the blue, thus be- 
traying the small unintentional movements of the eyes, 
ilolinholtz, A, 500, Fr. 511 (080). 
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CHAPTER VI. 

Sensations of Light and Color. 

TiiK aim of the following experiments is not to settle 
coiiHieting color theories, but rather to present the most ini- 
[)()rtant experimental facts which all color theories must 
take into account.^ Authoritative statements of theories ^ 
may be found as follows: Voung-IIelinholtz theory; Helm- 
holtz, A, 344-350, Pr. 380-387, 424-425, 484 (290-204, 
.‘120-321, 307); Yi, 249-25(). Heriug's theory; Hering, A, 
70-141. ; il/, 70-79. Hering has not yet made a general state- 
ment of his theory in its later developments, and his present 
views must be gathered in more or less fragmentary con- 
dition from his nunnu-ous special articles. The theories of 
Helmholtz and Htuiiig ai'^e the most ])roininent of current 
theories ; and something on them, especially on the first, 
’will he found in the i)hysiologies generally, and in some 
works on color in the arts. Of other theories there are a 
considerable niiiiiber; see, for some of them, v' -r Kries; 
Wundt, A, and />* ; Douders, A and />’; Christine Ladd 
franklin, A and El)bing]iaus, A. 

Most (‘olor theories attempt to simplify the multiplicity 
ol ordinary color sensations by considering them as com- * 
peunds of a small number of simple or primary sensations. 

4' he number of primary colors is different in different 
theories ; red, green, and violet (or blue) are selected by 

' l*'or concise stateineiits of these facta, see AVundt, yf, 3te Aufl., I., 487, 501, 
Aufl., I., 529 ; and Christine Ladd Franklin, A, 
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the supporters of the Yomig-Helmholtz theory ; red, green, 
yellow, and blue by Heriiig, Mach, and others ; while 
Wundt is indisposed to make any particular colors more 
original for sensation than the rest. The selection has 
generally been dictated by considerations of physics, or the 
results of introspective analysis of the sensations ; but 
efforts have lattdy been made to settle the question by 
careful examination of tlie color-blind, and by calcula- 
tions based upon careful experiments. On the first, see 
the literature on color-blindness below ; on the second, see 
Helmholtz, J, 45G ff., and Kdnig iind J)ieterici, A. 

• White is uiKpiestionably a sensation, and Helmholtz and 
Hering agree in holding the same with reference to black ; 
though Fick and some others disagree, regarding it rather 
as the absence of sensation. 

A given color sensation iriay be changed in thr(‘.e ways : 
in color-tone^ in saturation^ and in intensltijy or, to us(^ 
MaxwelFs terms, in hue^ tint, and shade. Changes in color- 
tone are such as are experienced when the eye runs through 
the successive colors of the spec^trum. (dianges in satura- 
tion are such as are produced by tlui addition or subtrac- 
tion of white ; when much white light is added, the C(dor* 
is a little saturated. Changes in intensitif are changes in 
the brightness of the color. Changes in saturation and in 
intensity, if excessive, involve some change of color-tone 
also. Hering’s theory does not admit changes in the inten- 
sity of light and color sensations in any ordinary sense of 

• the woi'd. Colors that by others are said to be of low in- 
tensity are regarded by Hering and his school as mixed 
with a large proportion of black; similarly those of high 
intensity are mixed with much white. In Hering’s theory 
the possible changes are then reduced to two ; changes in 
color-tone and in saturation, the hitter imdnding admixtun^s 
of both white and black (Hillcbrand; Hering, A, 61 ff.}' 
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III this group of experiments it has seemed best to follow 
tlie better known terminology, though Hering^s conception 
of tlic matter ought not to be disregarded. 

Light and Color tn Gknkral. 

135. Color-lllindness, Holmgren’s Method, a. Spread 
the worsteds on a white cloth in good daylight. Pick out a 
])a,le green (i. e., a little saturated green) that leans neither 
toward the blue nor the yellow ; lay it by itself and require 
tlie pi*rson under examination to pick out and lay beside it 
.ill other skeins that are colored like it, not confining him- 
self, however, to exact matches, but taking somewhat darker 
and lighter shades also, so long as the difference is only in 
brightness and not in color-tone. l)o not tell him to jiick 
out ‘‘the greens” nor require him to use or understand 
color words in any way; simply require the sorting. If 
ho inak(*s errors, putting grays, light browns, salmons, or 
straws ^ with the green, he is color-blind ; if he hesitates 
over the erroneous colors and has considerable ditfio.iilty, his 
color-vision is probably defective, but in a less degree. 

/a If thf3 experimentee makes errors, try him further to 
discover whether he is “red-blind” or “green-blind” by 
asking him to select the colors, including darker and lighter 
shadt's, that resemble a purphi (magenta) skein. If he is 
rcMl-hlind, he will tuT by selecting blues or violets, or both ; 
it’ he is green-blind, he wdll select green or gray, or both, 
and if he chooses any blues and violets, they will be the 
brightest shades. If he makes no errors in this case, after 
having made them in the previous case, his color-blindness is 
incomplete. Yiolet-blindness is rare. See also Ex. 141 b. 

(^)inplete certainty in the use of even such a simple 

^ n is (liincult to give the tints accurately in words. The experimenter should 
' the colored charts given in the works of Jeffries mentioned in the bibl^ 
“Kraphy, and in Rayleigh, B. 
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method as this is not to be expected without a full study of 
it and experience in its application. Helmholtz, Hering, 
Konig, Kirscliinaim, and others give exact methods for 
determining the particular colors that are lacking in the 
vision of the color-blind. 

On color-blindness and metliods of testing for it, see Helmlioltz, 
A, 357-372, 450-4(>2; Fr. 388-309, (294-300, 847-848); Holmgren; 
Jetfries, A and Rayleigh, A and B; Hering, //, /, iV, IR^ss, J)’; 
Abney, .d ; Abney and Festing; Kdnig, B and C'; Brodlmn, A and 
B; Kdnig und Brodlmn; Kdnig und Dieterici, A; Schuster; I’reyer; 
Donders, C; Kirscbmann, A ; Foie. 

130. Vision with Peripheral Portions of the lletina: 
Perception of Light. A very faint light often appears 
brighter when its image lies not in the fovea, but a few 
degrees away from it. If no increase of briglitness is ob- 
served, it is at least difficult to trace any decrease in briglifc- 
iiess till the image* is many degrees from the foeea, Tliis 
experiment is most easily made at night with faint stars. 
In the laboratory it may be made with the dark box. On 
the rear wall of the box place *in a horizontal line three 
bits of white pa[)er of ecpial size, at siudi distaiu^es that the 
line of sight mov(*s througli an angh* of ten degrees in turn- 
ing from the middle one to either of the outer ones. Make 
a pin-hole above and b(*low the middle piece*, distant from it 
about an inch, and cover the holes on the outside with 
paper till the holes are barely visible nfteu* the eye has been 
some time adapted. I'hese bright points serve to steady 
the eye. The eye should not, liowever, be directly fix(‘d 
upon them, but at a point midway between thciin. Rediici* 
the illumination of the box to a ininimiim (e. g., to tlu' 
amount of light that would enter through a ])in-hole cov 
ered with one or more piec(*s of j)oreelain or translueeni 
cards), wrap the head and the end of the box in an opaque 
cloth, and allow the eyes to become adapted to the darkness, 
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looking from time to time for the shimmer of the papers at 
the back of the box. Full adaptation requires a long time, 
but fifteen minutes is sufficient in this case. By degrees, if 
the illumination is of the right intensity, the papers will be 
seen very faintly. If the eye is turned directly towards 
one of them, it often disappears in the retinal light while 
the others brighten. Fixate each of them successively, and 
com|)are its brightness with the others ; fixate also other 
])oints in the field so as to bring the images upon different 
(piadrants of the retina. Close the eyes from time to time 
to renew the adaptation, and avoid observations when the 
reti!ial light is strongly concentrated in the centre of the 
field. 

On the results of such experiments as this, ami on the exi)lana- 
tion of the phenomenon observed, exp(*rimenters are soinewliat at 
variance, but see Ilelnilioltz, yl, 208; Aubert, 4t)r>, 7/, 80 IT. ; A. 
K. Kick, li\ Kirschmann, Treitel, and the literature cited by 
them. 

137. Vision with Peripheral Portions of the R(‘tina: 
Percei)tiou of Color. The distribution of the sensibility of 
the retina for color is unlike that for light. At the very 
C(*ntre the ])igment of the yelloAV spot itself interferes some- 
what with the correct perception of mixed colors (see Ex. 
115). In a zone immediately surrounding this all colors 
can be recognized. Outside of this again is a second zone 
in which blue and yellow alone can l)e distinguished, and 
at the outermost parts not even these, all colors a])])earing 
black, white, or gr«ay. The zones are not sharply bounded, 
Init blend into one another, their limits depending on tlu‘ 
intensity and area of the colors used. Tlie fixing of the 
boundaries of the zones of sensibility is known as perimetry 
or cainpim^ry. 

With the Apparatus at hand, find at what angles from 
fhe CQjitre of vision on the vertical and horizontal meridians 
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of tlie eye the four principal colors, red, yellow, green, and 
blue, can be recognized; try white also. Keej) tlie eye 
steadily fixed on the fixation mark of the instrument, and 
have an assistant slide the color (say a bit of colored pap(U’ 
o mm. s(piare pasted near the end of a stri}) of black card- 
board an inch wid(‘) slowly into the field from the outside. 
It will b(> well to move the paper slowly to and fj ‘0 at right 
angh^s to the meridian on which the test is made, so as to 
avoid retinal fatigue. Take a record of the point at which 
tht^ color can first be recognized with certainty, llepeat 
several times and average the results. The size of the 
colored spot shown should be constant for the different 
colors, and the background (preferably black) against whic^h 
the colors are seen should remain the same in all the 
experiiiuMits. 

h. Ib'peat the tests with colored squares 20 mm. on the 
side, and notice the earlier recognition of their (*.olor as thc^y 
approach from the pei’iphery. 

c. Try bringing slowly into the field (best from the nasal 
side) bits of [)aj)er of various C(’)iors, especially violet, pur- 
])le, orange, gnMUiish yellow, and greenish blue; or better, 
hold the ])it of ])aper somewhat on the nasal side of the 
field and turn the eye slowly toward it, beginning at a con- 
siderabh* angh* from it. If the paper is held before a back- 
ground (jontaining a line along which the eye can aj)proach 
the paper, tin; eye will be assisted in making the ai)proach 
gradual ; the a])paratus used in Ex. 118 b can easily be 
adapted for this pur])ose. Observe that on the outer parts 
of the retina these colors first get their yellow or blue com 
ponents, and only later the red or green. If the range ot 
(dioice is sufficiently hirge, it may be possible to find a red 
(inclined toward red-]mrple) and a green (im^ied toward 
the blue), which, like* ])ure blue and yell o\^ c nan ge only i’> 
saturation and not at all in color-tone as they move inwar' 
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toward the centre of the field. These four colors are the 
Urf^n'ben or primary colors of Tiering. 

Ildinholtz, A^ 372-874, Fr. 809-400; Hess, A\ liering, lj\ 
A. Kick, d, fi, 200 ff.; A. E. Kick, 71, 479 ff.; Aubert, d, 589-r)4(), 71, 
110 9’.; Kirselimaiin, C. 

138. Changes in Color-Tone. In the spectrum, change 
of wave-length, if not too small, is accompanied by change 
of (M)lor-tone. The change is most rapid in the yellow- 
gi'cen and blue-grceai regions of the speedrum, less rapid 
toward the ends, and at the extreme ends the only changes 
are those in brightness. With the spectroscope and day- 
light find the characteristic Fraunliofer lines />, E, F, G, and 
U. The T) line lies in the golden yellow, F in the greenish 
blue, a,nd H at the end of the violet, lletween I) and F the 
wave-length changes from 589.2 to 4SG.1 /x/x (from 5.002 X 
10'*^ to 0.172 X 10*** vibrations j)er second), and the color runs 
til rough yellow and green to blue, while from F io II wdth 
tlie nearly jirojiortional change in wave-length from 480.1 
to 393.3 p./x (from 0.172 X 10’^ to 7.028 X 10‘^ vibrations 
])er second) the change is .only from greenish blue to violet. 
N"otie(5 the region from near the line G to the end of the 
spei'trum which shows little/diange in color-tone and a simi- 
lar n‘gi()n of uniform color-tone at the n‘d end. Xotice 
also the. tendency of the succession of spectral colors to return 
uj)on itself, shown in the resemblance of the violet and red. 

lldinholtz, d, 289,820, Fr. 819 (287); Wundt, 8te Aufl., 1., 449 f., 
lt<‘ Aufl., 1., 485 f. ; A. Fick, /> ; Aubert, .1, 580 f. On just observ- 
abhi ehiingc.s in color-tone, .see J5. <). Peirce, Jr., Kdnig und Dieteriei, 
/>’, Hrodhun, d, and the literature there cited. 

139. Changes in Saturation. These are easily shown on 

tlie color-mixer. iMak(i a succession of mixtures of red and 
wliite, be|dnning wdth a proportion of white that just 
‘•hanges and iiicn*ase the ])roportion till no effect 

of red remaiiiT At first use a small disk of red laid on 



138 LABORATOliY COURSE IN PSYCHOLOGY, [l40 

over the larger disks as a sample with which to compare the 
mixtures. Toward the end of the experiment exchange the 
red for a small white disk. Notice the clianges of color- 
tone that are to be observed, es2)eciall y when tlie amount of 
color is sinall. Try similarly with the other cliief colors. 
According to Rood, who worked with the color-mixer, yellow- 
green and violet are unchanged; Helmholtz’s results with 
spectral colors are somewhat different. 

Chaijges in saturation can also be made by adding gray 
of any shadt^ instead of white. The wholt range of mix- 
tures can be shown on a single disk, like that in Ex. I tJ, by 
painting the star u[)on a white or gray ground, or by past- 
ing a star of colored [)apei* on such a ground. • With white, 
however, the rays of the star must be given a leaf shai)e, or 
the color will fall off too rapidly from the centre. 

Helmholtz, yl, 322, 470-471, Fr. 309 (281); Aubort, A, 531-532; 
Rood, 4, 39-40, 194-201; Nichols, A, 

140. Changes in Intensity : Rhie.k and White. Black and 
white are the extremes of intensity in the s(‘ries of grays. 
The ordinary black and white of conversation are, however, 
considerably short of tliese extremes. 

a, (yompare a bit of black velvet or of black cardboard 
with a still deeper black by holding it in front of the open- 
ing in the dark box. Compan*, also, ordinary white paper 
in diffused light with the same in direct sunlight, or with a 
brightly illuminated white cloud. 

b. Just observable differences with medium intensities. 
Prepare a disk like that shown in the accompanying cut by 
drawing along a radius of a white disk a su(;c(‘.ssion of short 
black lines of ecpial breadth. Let the breadth of the line 
correspond to about (me degree on the edgej^the disk. 
Since the breadth of the line is everywl^Jf^^PTO same, it 
will occupy a relativcdy greater angle as it nears the centre. 
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AVlieii disk is set in rapid rotation, eacli short line 
will give a faint gray ring, those at the outer edge being 
very faint, those nearer the 
(unitre, darker. Find which 
is the faintest ring that can 
be seen, and ealenlate the 
proportions of bhuik and 
wliitt^ in it.^ The ratio of 
black to white measures 
approximately th(i just ob- 
S(‘rvable decrease in in- 
tensity below the general 
brigbtn(\ss of the disk. 

The results of Helmholtz 
and Aubert are respec- 
tively : I lelmholtz, 1 : 1 17 to 1 : 107, Aubert, I : 102 to 1 : 186, 
the dilfcn’ences depending on the intensity of the general 
illumination of the disk. Some wandering of the eyes is 
lielpful, but too rapid motions which tend to break up the 
even gray of the rings must be avoided. It is absolutely 
essential that the rotation be very rapid and iierfectly free 
fi’oiu vibration — so rapid that with moderate motions of 
th(\ (‘yes the uniform gray of the rings is not disturbed. If 
gr(‘a,t ra]>idity is ini]) 0 ssible, rejdace the single black line 
by two of ]n-o])ortionately less breadth on opposite sides of 
th(‘ disk, or by four at 90°. 

c. With th(‘se very faint rings a disa])pearance and reap- 
jiearance is to be observed somewhat like that found for 

’ Tlu* formula for the amount of black, assuming' that tho radial lino is nhso- 
liitcly black, and taking aomo arbitrary point, o,g., the middle, for calculation, is of 
‘•oiirae ,bvhttre h is the breadth of the radial line, and r the distance of the 

< ii“acn pointJfroWtlie ctmtre of the disk. The black of the lines is not quite abso. 
lulo, even when the blackest black paint is used. The differences iu sensation 
art; llicjjefore smaller than those shown by the calculation. 
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just audible sounds in Ex. 01 b. The observation is most 
conveniently nuide, a(;eording to Pace, on a disk of the fol- 
lowing dimensions : diameter of disk, 20 cm., width of radial 
line, 5 mm., length of the short lines, 5 mm., spaces betw(‘en 
the short lines, 8 mm., distance of iiiiKuanost short line from 
the centre of the disk, 17 mm. 

Helmholtz, A, Fr. 411-410 (C.IO-OK)); Aiibert, yl, 4ST- 

402; on r, PacA For references on the just ohservable difference* of 
intensity with different standard intensities, the chapter on 
Weber’s Law helow\ 

141. Changes in Intensity : (V)lors. At their maximum 
intensity all colors tend toward white or y(‘llowisli white, 
lied, however, hardly gets beyond the yellow ; gr(‘eu be- 
c-omes first yellow, then white*, while blue and vioh‘t easily 
reach it. At their minimum intensity all colors a-p[)(*ar 
gray or blac.k. 

a. The maximum intensity may be observed with s])ec- 
tral colors, though not entirely homogeneous ones, with a, 
prism placed in the sunlight so that it throws an extemh'd 
sj)ectrum on the wall. Hold a card, pierced with a ])in-hole, 
b(*fore the eye, and bring tlie eye successivedy into the dif- 
ferent colors, looking meanwhile at tlie prism. Something 
of the same kind Jiiay be .seen by looking through j)ice-es ol’ 
colored glass at the disk of tin* sun behind a cloud (in which 
(^ast^ the portions of the cloud seen at tin* sides of the glass 
afford a means of comparison), or at the? image of the sun 
reflected from an unsilvered glass plate, or by concentrating 
light from colored ghiss on white paper with a conv(*x lens. 

b. The minimum intensity with specjtral colors may b(* 
observed with a spectroscope. Adjust the instrum(*nt so 
that tlie chief Fraunhofer lines can be seen, and then jdact*. 
as a source of light, at a little distance from t^ slit of tbe 
instrument, a screen covered with dark gray j^er or bhu’k 
velvet. Though no color remains, a little light can be iuadc‘ 
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oiit — l)rightest in the region before occupied by the green. 
The ob8(;rver must envelop his head and the ocular of the 
iiistruiiient in an opa(pie cloth, and allow time for the adap- 
tation of his eye. This colorless spectrum t)robably repi’e- 
seiits wluit is seen by a totally color-blind eye. 

Von Hezold, with whom this experiment originates, ob- 
served witli gradually de(u*easing intensity a falling out of 
tlie. yt‘lh)ws and blues before the final stagi^ of (‘-olorh\ssm‘ss 
was reached. Konig doubts whether tlie red ever h)si‘s 
its color entirely. 

With pigment colors a convenient way is to [)aste equal 
s<[uares of colored papers upon a i)iece of cardboard, and 
lluMi to ])lace the whole, in 
tlu‘ dark box, and gradually 
n‘(biee the illumination, or 
starting with the illumina- 
tion at zero, gradually in- 
er(‘a.S(^ it. Try with both 
1>laek and wliit(i cardboard 
as background. For d(Uli- 
onst rational jairposes a disk 
like that in the accompany- 
ingcut (in which the shaded 
]>a,rt stands fV)r color, and 
the solid black for black) may be used and the whole series 
of intensities shown at once.^ 

ITclinholtz, ui, 402-444 ; A. Firk, />’, 200 202 ; Anborl, v1 , .ra-oC.Ci ; 
tJood, /I, 181-104; ('. S. IViive. On <f, Ihdinlioltz, .1, 284 28.1, 
fiM-400, Fr. airi (2;i4); lirodliiin, li. On h, Hcimlioltz, .1, 4(10, 471- 

^ Since tlie Mack of the disk Is really a very dark ffray, and would tliiis tnako a 
change in saturation, this is not an ahsoliilelv pure expcu-inient, hut is sullicit'iitly 
exact for showii^ the general eflect of darkening. If a practii'ally perfect black 
cs desired, it may be had, following Uood, by making the colored star rotate 
before^iui opening into a dark room or a suitable dark bdx. 
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472; voii l>ezol(l, El)ert; Abney and Festing; Konig, A, 354 if., 
wliore other literaliire is cited. 

For measiireiueuts of the just observable difference of intensity 
for different colors, see Helmlioltz, A, 402-415; Aubert, A, 531; 
A. Fick, yl, 177; and the references given by them. 

142. Furkiiije\s Phenoiuenon. In a liglit of moderate 
1)1*1 ghtness choose a bit of red paper and a bit of blue paper 
that are of about equal intensity and saturation, carry both 
into full sunlight and notice which appears brightest; csirry 
both into a darktuied room, or place them in the dark box 
and compare them again. If a dark room or box is not at 
h.'iiid, observe them through a line pin-hole in a card, or 
even with nearly closed eyes. 

Helmlioltz, A , 428-430, 443-444, Fr. 420-425 (317-321) ; Ilillebrand ; 
Kiinig, A\ Charpentier, vl, 227 ff., 335 ff. ; Rood, A, 189 ff. 

14,3. 8izc of the Colored Field. When the retinal area 
stimulated is very small, colored surfaces appear colorh‘ss, 
with ordinary intensities of illumination. When somewhat 
largcu* they may appear colored, but not necessarily in their 
true c.olor-tonc. The background against which they are 
jilaced is also important. 

a. On ])ie(‘es of black and white cardboard, ])aste small 
s(]uares of stn*eral kinds of colored paper, one series 5 mm. 
square, one 2 mm. square, and one 1 mm. square. Walk 
backward from them and notice their loss of color. Ob- 
serve also the changes in color-tone. 

h, A number of retinal impressions, even when not con- 
tiguous, are mutually su])portive in color effect. This is 
conveniently shown in the indirect field. In a two-inch 
square of bhu^k cardboard, punch sixteen lioles arranged in 
the foryi of a square, four rows of four holes each. Tln^ 
lioles should be an eighth or three-sixteenths of an inch in 
diametc^r, and be separated by spaces of the stime extent. 
Paste upon the back of the square a piece of red paper of 
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suilioioiit size to cover the holes, thus milking of tliem six- 
U‘(m little retl circles, i^reparti also iuiother piece of black 
canlboard of such shape that it may be laid over the square 
and cover all the holes except one of the corner ones, amk 
agiiiii when necessary may easily be removed. 

AVith the apparatus used in Ex. 137, find the point on the 
nasal half of the retiuiil horizon where the single red circle 
Ciin just no longer be seen in its true color. In milking this 
(Ictermiiiiition, the s(piare should be so held that the diag- 
oiKil to which the uncovered circle belongs is horizontal. 
When the point has been found, uncover tlie remaining 
iii'tec‘n circles (all farther toward the periphery), and notice 
that the (jolor of the group can be seen distinctly. Fatigue 
in tixing the limit at which the circle can be seen should be 
avoided. 

On a, Helmholtz, A, 874-375, Fr. 390-400 (300); Aubert, A, 530- 
539; lleriiig, 11, 18. On 6, A. K. Fick, A and B (especially 451-452). 

114. Duration of Illumination. Fechiier’s Colors. The 
retinal inertia is different for different colors. In the ex- 
periments on after-images (Ex. V2,0(l), it was observed that 
tlic after-image of a white surface faded away through a 
succession of colors ; a succession of colors appears also to 
result from a very brief vision of a white surface. This 
can be seen uj)on almost any slowly rotating disk of black 
and wliite; those used in Exs. 128 ^ and 145 c show the 
colors well, and that in Ex. 145 a shows something of the 
<lep(uidence of particular colors up)on particular rates of 
remurcnce. llotate any of these disks with less rapidity 
than that required for a uniform gray, and, keeping the 
'‘y(*s steadily lixed upon some point of its surface, notice 
hotli the advancing and the retreating edges of the^ white 
portions of the disk. The colors may not appear instantly, 
t'Ut are not difficult to get with attentive gazing. 

Very striking and beautiful effects can be obtained by 
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substituting for the blaek and white disk a bhuik one from 
wliicdi narrow sectors have been removed. This i)ierce(l 
disk is rotated before a brightly liglited background, e. g., 
a sheet of white cardboard in full sunlight, a bright cloud, 
or the clear sky, and the eye is brought very close to the 
disk. 

Helmholtz, 4, o3(>-53a, Fr. .500-504 (:180-^18S) ; Feeliner, A ; Hriieke ; 
Exiier; Aubert, 500; Rood, /I, 02 If., Nichols, 7J; Cluirpentier, 
B and C. 


145. Hate of llotation Hequired for a Uniform Hlending 
.of lUack and Whitt?. All blending of colors by rotation 
depends on the phenonitMion of positive? after-images (Kx. 
125). A disturbance once set up in the retina dot's not at 
once subsitle, but continues an instant after the removal of 
the stimulus. If stimuli follow in sufficiently rapitl succes- 
sion the disturbances fuse, and the result is the same as if 
the stimuli had bt*en mixed befort; rt'acliing the retina. A 
rough (h'termination of the rate required for uniform blend- 
ing may be made with the color-mixer and a metromunt'. 
a. Place the color-mixer in such a position that the disk 


(like that in the margin) shall 
be illumimited by diffiis(*d 
k daylight only. Turn the 

^ d riving- wlu'el slowly and 

^ ascertain, by counting, how 
niiany turns of the dish 
corres])ond to one turn of 
the driving-wheel. Start 
the metronome, and turn 
T the driving-wheel in time 

to its beats, making a turn 
every one, two or four beats. 


Notice which of the rings, if any, is just blended into c 
uniform gray. If none is just blended, change the rate ol 
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ilie metronome a little, ami repeat the trial till such a one 
is found, f'rom the rate of the metronome, the number of 
turns of tlu^ driving-wheel, and tin* number of white sectors 
ill the just blended ring, find the number of stimuli per 
s(‘(()nd ixMiuired. The experiment is easier when two 
observers work together, one giving his attention to the 
regular driving of the color-mixer, and the otlier to watch- 
ing the disk. The driving-belt of tlie instrument must 
he tight enough not to slip, and the metronome should 
be kcjit well wound up. Its scale slioidd also be verified 
by (‘ounting with a watch. The obstuwer must of course 
avoid eye motions which break up the uniformity of the 
gray. 

h. lve|)eat the debu inination with the disk in direct sun- 
light; also ill a ])artially darkened room or at twilight. 

c. A disk like that in the margin shows mixtures of 
s(‘vcM'al dilferiuit projiortions of 
l)laek and white at once. If 
siK'h a disk is brought slowly 
to tlie rate just n(*ces- 
sarv to give a uniform 
gray al. the centre, a 
little f1i(‘k(*ring e.aii still 
hi* traci‘d in the outer 
rings, ('are should be 
t.ak(Mi not to fixate the 
mi(hlle of the disk ex- 
<dnsiv(dy, for with mod- 
<'r;il(‘ illumination the per- 
iphery of the retina recpiires a 
little gri‘ater speed for uniform 

Idending than tlie centre. Helmholtz states that little dif- 
Inrence is to be observed in the rate at wliich the flicke 'ng 
ceas(^ with the somewhat similar disk shown at the left in 
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Ex. 152 d, but with tliat given here, it is believed that 
careful i)bservation will not fail to show a difference. 

Helmholtz, A, 488 ff., Fr. 4r)3 (:J44) ff.; Aubert, A, 517; A. Fh’k, 
B, 211-222; Xichols, II \ Bellarminow and the literature cited by 
him. 

140. The Talbot-Plateau Law. This law may be statc'd 
as follows : When once the rate of rotation is sufiicient to 
give a nnifonn sensation, the color and brightness of any 
given coiK'.entric ring of the disk are the snine that tli(*y 
would be it all tlui light rellecled from it wen; evenly dis- 
tributed over its surface, and no further in(;r(‘ase in rapidity 
produces any effect ujion its appearance. Ivoiate the disk 
used in Ex. 145 iind in(;rease the ra])idity till the inii<*r- 
most portion gives a uniform gray. Wlien this ap])ears, tin* 
rate of recurrence in the outermost ring is .‘>2 times nion* 
rapid than in the innermost, and yet no diffenuice in shadi‘ 
is to be seen. To show that the gray is actually of tla^ 
same briglitness that would come from an even distribution 
of the light reflected from the whole surfac(‘ of the ring, 
j)repare a disk witli many e(iual Idack and white sectors — 
o2 or more of each. Place tlie disk on tlie color-mixer, and 
look at it when at rest through a double convex lens of 
short focus (e.g., 1 in.), held at such a distance from tlieeyi; 
and disk that no distinct image is formed, but the fi(dd of 
the lens appears an even blur of gray. Xow jmt the disk 
in rapid rotation and notice that the gray rmnains un- 
changed. 

The result of tliese experinnmts would be the same were 
other colors substituted for black and white. 

Helmlioltz, d, •f82-4a5, Fr. 440-4.50 (:W8-JU1); Aiibori, A, 515-510; 
Talbot; Plateau. 

147. Br(icke\s Experiment. AVhen the rate of rotation 
is insufficient to produce an even blending, the brightness 
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of the disk is iiiflueiiGed by the rate. Set the disk used in 
Kx. 145 a ill rapid enough rotation to blend the innermost 
l ing, and then let it gradually come to rest. As it turns 
move and more slowly, there will be observed in one ring 
after another, beginning with the innermost, just as it loses 
its uniform character, a notable brightening. The white 
si'ctors now have o[)portunity to produce tlieir full effect 
n[)on the retina before they are succeed(‘d and their impres- 
sion cut off by the black sectors. 

Helmholtz, Ay Fr. 4or> -450; Exner; Aubort, A, 510. 

Co non Mixino. 

MS. Mixed Colors. Ex])eriments u])on this subject can- 
not l)(i ri'garded as entirely satisfactory exci^pt when made 
with pure (homogeneous) specjtral colors. The colored 
pajiers with wliich the following experiments are made 
sliow anytliing Imt homogeneous colors, as can easily be seen 
by looking at scra[)s of them on a dark baijkground through 
a prism. Tliey produce the same mixture effects, however, 
that spectral colors of the* same tone, intensity, and satura- 
tion would produce ; and the great facility of their manipu- 
lation on the color-mixer recommends them for preliminary 
exjx'rinients and for illustrative purposes. 

Three colors iiroperly selected serve to produce by their 
mixtures all the intermediate colors (though in most cases 
in less saturation) with purple and white (i. e., gray) in addi- 
tion. The colors generally selected are red, green, and blue 
or violet. (Ireen cannot be mixed from colors that them- 
selves do not resemble it ; i.e., it can be mixed from yellow- 
green and blu(»-green, but not from yellow and blue, and not 
in anything like full saturation. 

Th(» general facts of color mixing, togetlnu* with the 
method of representing them in a two dimensional diagram, 
were ^rst discovered by Newton, and are sometimes desig- 
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nated by the general term of Newton^s Law. For the 
methods of constructing such diagrams, see, among others, 
Helmholtz, A, 334 If., Aubert, A, 524 ft., and Itood, A, 2iS 
ft., 224 ft. 

a. Mix a yellow from red and green on the color-mixer. 
The yellow produced will lx; dark, and, as a t(‘st of its 
hue, should be matched with a mixture of ycdlow and 
black made with smaller disks S(*t on abovt^ tln^ first. In 
the same way mix a blue from green and violet that shall 
match a mixture of blue and black (or blue, black, and 
white). 

b. From red and violet or blue, mix sevtual pur[)les 1)(‘- 
tween violet and red. 

c. From red, gr(*en, and violet, mix a gray that shall 
match a mixture of black and whit(‘ on the small disk. In 
such a (*-as(*. as this it is liighlv ]>robabl(‘. that tlu^ gray 
appears, because the (!ombim‘d (*olors furnish among tlumi 
light of all wav(3-lengths in about tin* 2)i*oportions in whidi 
they occur in ordinary whib*. light. With the homogeneous 
red, grcicn, and violet of the sj'iectrum, the case would of 
course be different. To avoid tronblesom(3 afbn-iinages, thr 
adjustment of the disks should be left to an assista-nt, oi* 
the observer should Avear dark glasses, (‘xe,ept Avheii tin* 
disks are in revolution at full s[)e(‘d. 

If the colored disks used in these exi)eriments are net 
opaque, several should be used at onci* instead of a single 
one. 

For demonstrational j)ur]>oses mixtures of two colors in 
diffennit ]>roportions can b(3 shown on a. single disk of tlx 
star form (s(‘e Fx. 141) by painting the star in oiui coloi 
and the ground of the disk in another (or by pasting (jolorcl 
])at)ers instead of painting), but in (dther case some trixl 
will be necessary to determine the jiroper shape for tlx* 
rays. 
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Helmholtz, A, 311-316, 320-322, 325-333, 375, 376-473, 485, Fr. 
;j:)0-36r), 367-369, 450 (272-277, 279-281, 341); Aubert, A, 521-524* 
Ileriiig, M\ Maxwell, A and li; Hood, A, 124 ff. 

149. Coinpleinentary Colors. The conibiiuition of red, 
green, and violet mentioned in the last experiment is not 
the only eombination tliat gives Avhite or gray. For every 
e.olor there is another or complementary color, which, mixed 
with it, gives a colorless combination. Some of these {)airs 
luv. ivd and blue-green, yellow and indigo-blue, grt‘(Ui and 
])urpl(', blue and orange, violet and yellow-green. 

a. 'Fry s(*-veral of these pairs upon the color-mixer, match- 
ing tln^ resnltant gray with a mixture of black and white 
on the small disk. It will probably be found in some cases 
that no ])ossible proportions of the colored pa])ers at hand 
will give a pure gray. In that (*ase a little ot‘ the color 
complementary to that remaining in the gray mnst be 
added. Sup])Ose the red and blue-green p{i])ers, when com- 
bined, giv(j gray with a tinge of brown (i.e., dark orange); a 
C(*rtain amount of blue must tlieii be added to compensate. 
For e.xamide, with (‘.ertain 'p3|)ers 180° of blue-green + 
indigo-blue + ^4 ipake a gray that matches 90° white 
+ 270° bla(*k. To sec* the true complement of the red used, 
it is then necessary to pre])are a disk carrying green and 
indigo in the proportions of 180 and .‘ki; i.e., *100° Idiie- 
gr(M*n, 00° indigo. In the same way the complement of the 
hlue-gretm used is a bluer red than that of the red paper, 
and may be seen by itself by mixing 288° red with 72° 
indigo. It is very important here, and in all cases where 
a resultant white or gray is to be observed, to have some 
andoubted white or gray in the field to ])revent mistake in 
very faint tinges of color. 

The criti(*ism made upon Ex. 148 c applh^s here with 
‘‘9ual force. To be conclusive, the ex|)eriment must be 
'nade with far simpler colors tlian those of colored papers. 
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b. Negative after-images, when projected on a white sur- 
face, are seen in colors approximahdy complementary to 
those that give rise to the after-images. Compare comph*- 
ineiitary colors found in this way witli those found on tii(‘ 
color-mixer. 

Ih^lmhollz, ^1, 310-310, Fr. 305-307 (277-^278); Aubert, A., 521 
524; Koiiig iind Dieterici, .1, 284 if. ; Hood, ^l, 101 ff. 

150. Other iMetliods of jMixing Colored Jdglits. tr. Lam- 
bert's iMethod. The Reflection Color-Mixtu’. This is the 

siniidest of all the methods. 
Th(* colors to be mixed are 
])laced on a suitable ba{*k- 
ground (e. g., a smooth sur- 
face of black velvet), on o])- 
])osite sid(‘s of a vertical 
glass ])late. The eye is 
brought into smdi a position 
that the reflected image of tln^ color on on(‘ side a])pears to 
overlie that seen by transmission on the other side. The 
glass must of course be of goOtl (piality and clean. The 
relative intensity of the colors can be varied by varying 
their distance from the glass. Rringing the colors near the 
glass, or raising the eye, strengthens the reflected and weak- 
ens the transmitt(‘d light. Strips of cohu'ed paper placed 
with their ends next the glass, provided the illumination is 
equal, will show an even blending of the colors through a. 
C()nsid(?rable range of intensities, one color ])redominating 
at one end of the combined image, the other at the otln i 
end. 

Ry substituting a bit of glass on a black background i<'i’ 
one of the colors, and then placing the instrument so that i 
portion of clear sky may be reflected in the glass, it is })()ss 
ble to mix sky-blue with its complement, or with any otic '■ 
color. 
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To mix two colors in equal proportions, arrange them 
with l)lack and wliite, as in the diagram below. Adjust 
the glass (or tno position of the eye) till the grays made 
by the black and white at the ends exactly match ; the 
colors will then be mixed in equal proportions. 


Itl.AC^K. 


«’OL«»U. 


WlllTK. 


WHITE. 


riU.OR. 


IILACK. 


h. Mixture by Doidde Refraction. Colored an^as placed 
si(](‘ by side app(*ar mixed when r(‘garded tli rough a double 
refracting prism. The j)i'isin doubles both licdds, and causes 
a ])avtial ovf‘rlapping. • In the overlap]K‘d ])ortion the colors 
are mixed, each color being present in the mixture at ajc 
proximately half its original brightiu'ss. The prism should 
1)0 aehroniati(\ 

r. Mixture of S])ectral Colors. Fim* mixture's may be ob- 
tained with a prism and Fhgs. 1, 2, and M of IMate 1. ; or, still 
bi'tter, from figures shaped likt* thes(% but in wliite upon a 
l)la(*k ground. Since a prism refracts dilferent kinds of light 
in dilfi'rent degrees, it ])roduces a multitude^ of ])artially over- 
la})])ing images of a bright object, which apjiear to the eye 
as colored fringc^s. (Observe through a ])rism held horizon- 
bdly, aninch scpiare of white paper on a. black background.) 
I hose overlapping images may be illustrat'd by the follow- 
ing diagram, in which the horizontal lines stand for the 
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images, and the capital letters for the colors of the light 
producing them. 

a b 

V 

B 

G - G 

Y — - Y 

O O 

ji a 

d c 

In the area a h c d all the images overhi]) and tlie white 
of the paper is still seen. Tovvjird tlip hdt From rr, however, 
the ditfeniiit kinds of light gradually fail, heginniiig with 
the red. The successive colors from gretuiish blue to violet 
result from the mixtuni of what remains. At the other 
end a similar falling away of the colors gives the succession 
from greenish yellow to red. In Fig. I, the spectra seen on 
the upper and lower edges of the inch s(|uare of white 
pa[)er are brought side by side; on one side red, orange, 
and yellow, and on the other greenish bliu', blue, and violet. 
The colors tliat stand side by sidifare coni])h‘mentary pairs, 
botli in tone, intensity, and saturation; for the greenish 
blue is the white- of the paper less the red, and the blue tlie 
same less the red, orange, and yellow, and so with the r(*st ; 
and if the two s|)ectra be exactly super|)os(Hl, a,s can l)e 
done with an adaptation of the. nnddiod of h above, they 
will make ])r(;cisely the white; from whiedi they originated. 

If a very na-rrow stri[) of white; upe)n a black ground is 
lex)ked at through the prism, the imag(;s overla|) less and 
another e^edor a[)pears ; namedy, gre*en, as may be se‘en in Fig. 
2 on the narrow white band between the black bars. Whim, 
on the edlier Imnd, a narrow blae;k band e)n a. white ground 
is taken, tin; S[)cctrum e>f tlie wliite; surfa,e*e; abe)ve and e)l' 
that below partially ejverhx]), and give aimther set e)f mix- 
tures. If the' diagram is lield neai* the prism at first, and 
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then gradually withdrawn from it, the advance and mixing 
of the spectra can easily be followed. Besides the greenish 
yellow at one end and the greenisli blue at the other, there 
are a rich purple, complementary to the green beside it, and 
a white between the purple and the greenish yellow. The 
last is a white produced by tlie mixture of the blue of one 
spectrum with the complementary orange-yellow of the 
other. 

Fig. 3 shows a number of color mixtures with different 
pro])ortions of the constituents. In the spectra from the 
white triangle appear niixtures of each color in the spectrum 
seen on the white band in Fig. 2, with every other color 
found there. Upon the black triangle the spectra from the 
white edges above and below show mixtures similar to 
those on the black band in Fig. 2. The diagram should be 
placed at such a distance that a little of the white and black 
triangles can still be seen. 

Ilelinholtz, A, 350-357, 485, 491-403, Fr. 402-407, 450, 458-461* 
(303-3(K), 341, 347-349); Aubert,-.!, 521-524 ; Maxwell, A ; Hood, A, 
lOS ff., 124 ff. ; Hcring, O; von Bezold, 71, 77 ff. On a and r, Ben- 
son. On refined methods of mixing spectral colors, see especially 
tin* first reference to Helmholtz. 

CONTUAST. 

The effect of one color on another, when not mixed with 
it, hut j)resented to the eye successively, or simultaneously 
in adjacent fields, is known as contrast. Two kinds are 
distinguished, Succesatre contrast and Simnitaneoifs contrast, 
'i'he color that is changed or caused to appear upon a color- 
less surface, is known as the induced color ; the color that 
causes the change is called the induci nrj colo r. Successive con- 
trast is largely a matter of negative after-images, and their 
jirojection upon different backgrounds, and is universally 
r egarded as a matter of physiology. Simultaneous contrast, 
oil the contrary, has been regarded by Helmholtz and his 
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supporters as a matter of psychology, as a sort of mis- 
judgnient. The studies of the last few years, however, 
chiefly those of Heriiig, have demonstrated that simultane- 
ous contrast also in most, and probably in all cases, is 
physiological, a phenomenon of the retina (and its central 
connections), not of mistaken inference. 

lot. Successive Contrast, a. Prepare a set of colored 
fields of the principal colors, including wliite, black, and 
gray, say 3x5 inches in size, and some small bits of the 
same colors, say 1 cm. square. Lay a small square on the 
bla(jk field, get a strong negative after-imag(?, and proje(;t 
it first on the white and then on the other iields, Notice 
that the color of the after-imag(? spot is that of the field on 
which it is projected, minus the color that produced the 
spot; e. g., tlie after-image of red ])rojected on violet looks 
blue, and on orange looks yellow. Or, to say the same 
thing in other words, the color of tlie s])ot is a mixture of 
the color of th(‘ after-image with the color of the ground 
upon which it is projected. Thus a blue-green after-image 
when proje(;ted on violet, gives blue; Avhen projected on 
orange, gives yellow. Notice that when the image is pro- 
jected on a field of the inducing color it causes the si)ot on 
which it rests to look dull and faded ; but when it is pro- 
jected upon a field of complementary color, it makes the 
spot richer and more saturated. Indeed, it is only by first 
fatiguing the eye for one color and then looking at its com- 
plement that the most satiirat(‘d color sensations can l)c 
produced. In general, colors that are complementary, or 
n(‘arly so, are hel])ed in appearance by contrast; those that, 
resemble each other more nearly are injured. 

h. These effects, in even greater brilliancy, can be seen 
by laying the small S(piare of color directly on the larger 
colored surface, staring at it a few seconds, and then siid 
denly puffing it away with the breath. See also Ex. 134. 
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c. This contrast effect may be so strong as actually to 
uvercome a moderately strong objective color. Place a 
small ])iece of opaque orange paper in the middle of a pane 
of red glass and look through the glass at a clear sky or 
bi iglit cloud. The strength of the iiidu(;ed blue-green will 
1)(* suhieient to make the orange seem blue. See also Ex. 
124 d. 

irelmholtz, A, 5S7-542, Fr. 510-515 (:J88-302); Hess, C ; Kood, 

2:55 ff. 

152. Mixed Contrasts. When special ])recautions are 
not taken to exclude successive contrast, both successive 
and simultaneous co-operate in the general effect. Some of 
th(‘ results are striking and beautiful. 

(t. (k)lored Shadows. Arrange two liglits so that they 
shall cast a double shadow of a pencil or small rod upon a 
white surface. The daylight will answer for one light if it 
is not too strong, but it must not be forgotten that unless 
the light conu'S from an overcast sky it will be blue. In- 
iiodiuje diffVnuit colored glasses one aft(*r another before’ 
one of the lights, and notice the beautiful conqdementary 
color that imnu'diately appears in the shadow Ixdonging to 
that light. The brightness of the two lights should be so 
regulated that the shadows shall lx* alxnit ecpially dark 
when tlui colored glass is intrcxluced before one of the 
lights. See also Ex. 155. 

Use a blue glass, and adjust the relative intensities of the 
lights so that the yellow shadow appears at its brightest, 
and notice that it seems* as bright as the surrounding blue, 
or even brighter. As a matter of fact, however, it receives 
less li^ht than the surrounding portions; for in order to be 
a shadow, it must be a })ortiou of the field from which the 
hs^ht is partly cut off. 

h. Mirror Contrasts. Kagona SciiuVs Experiment. Place 
apoii the horizontal and vertical surfaces of the instrument 
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white cards carrying black diagrams.^ The diagrams being 
in place, hold between the two at an angle of 45° a pane of 
colored glass, say green, and observe that the black of the 
horizontal diagram seems tiiiged with the complementary 
color, that is, purple. This contrast color may often be im- 
proved by slightly altering the inclination of the glass, or 
by changing the relative illumination of the diagrams by 
interposing a colorless screen between one or the otlier of 
them and the source of light, or by shifting the wliole in- 
strument. This experiment will be readily understood after 

a consideration of the accompany- 
ing cut. The glass ])late is repre- 
sented by C JJ, the hhu'k portion 
of the vertical diagram by tlie 
projection opposite 4, that of the 
Jiorizontal diagram by the projec- 
tion at B. “The light reaching the 
eye from the white i)ortion of tlie 
horizontal diagram is colored green 
by the ‘glass ; that from the wliite 
portion of the vi;rti(;al diagram is reflected from the upper 
surface of the plate, and is therefore uiu'olored.*-^ The mix- 
ture of the two gives a liglit green field. For simplicity, 
we may assume that no light comes from the black ]X)rtions 
of the diagram. Then in the portion of tlie light green 

* Any black spot will answer. For this experiment diiigrams made up of sets 
of heavy concentric black rings, lines a quarter of an inch wide, separated by 
white rings of triple width, give an excellent effect. The diameters should be so 
chosen that a black ring on the hori/oiital diagram shall correspond to aAvbite 
one on the verticjil aiid vice verm, and shall appear to lie in the midst of tin* 
white when the diagrams are combined in the way described above, A pair “f 
diagrams made up of parallel black bars, a quarter of an inch wide, sefiarated 
by quarter inch spaces, and so placed in the instrument that they give a checkiT- 
board pattern when combined, are useful for keeping in the field a true black 
with which the changed colors can be compared. 

* As a matter of fact, a small portion is also reflected from the lower surface 

of the glass, and contributes a minute amount of green. , " 
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field corresponding to tlui bliick of tlie vertical diagram, the 
white component will be wanting and the green will appear 
undiluted ; in the portion corresponding to the black of the 
horizontal diagram, the green component will be Avanting 
and the faint wliite (i. e., gray) should appear by itself, 
it does not, however, because of the contrast color induced 
upon it. As a matter of fact, tin* black portions are not 
absolutely black ; the small amount of liglit that comes 
from them tends on one hand to make the green image (im- 
age of the black of the vertical diagram) alittlii whiter, and 
on the other hand to (iountenutt the; c.ontrast in the purple 
image by adding to it a little green. Try the experiment 
with other glasses than green. 

Another form of the mirror contrast experiment is as 
follows. J*hiee a mirror where the sky or a white surface 
of some kind will be seen reflected in it. Lay u])on its sur- 
face a plate of colored glass (green for example), and hold 
a little way above it a narrow strip of black cardboard or a 
pencil. Two images will be seen : one a vivid green, the 
other a complementary pur])le. 1'he green image belongs 
to the surfaci». reflection of the (*olored glass, as may be 
proved by observing that when the strip of cardboard 
touches the surface, the green image touches it also. The 
purphi image belongs to the reflection from the back of 
the mirror. It is easy, by substituting a. gray strip for the 
black, to show that contrast can suppress a weaker objective 
color actually jiresent.* 

Meyer’s Exjieriment. Lay on a large colored field a 
small piece of gray or even black ])aper (e.g., 1 cm. Avide by 
2 cm. long), and cover the whole with a. piece of semi- 
transparent Avhite ])a])er of the same size as the colored 
held. The contrast color Avill appear on the gray paper. 

^ For fuller explanation with diagram, see American Journal of Psychologjft 
V., 18HJJ-93, 407, and von Bezold, 164 f. 
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If tliiii tissue ])ii])er is used, more tliaii oue tliiekness may 
be needed for tlie best result. Paj)er mats, woven one way 
of gray ])aper Jind the other of colored, show this contrast 
beautifully. Tliey may easily be made from kindergarten 
materials. 

d. Mixed Contrasts with the Color-mi x(U’. Disks made on 
the jjatterii of tlie cut at the left show beautiful eontrasting 



grays. The disk used in Ex. 145 c shows a longer scudes, 
but requires a more rapid mte of rotation. The same can 
be shown also by laying a number of small sheets of tissue 
pa})er ov(*r one another in such a way that they partially 
overlap, making a ])ortion where there is but a single thick- 
ness, and next it a portion where there are two thicknesses, 
and next that again one of three thicknesses, and so on. 
When the whole is held up to the light, the contrasts of 
adjacent portions are very (*asily seen. 

Contrast colors can be shown finely with disks like that 
in the cut at the right, in which the shaded portions repre- 
sent color, the black 2X)rtions, black, and the white, white. 
A little care is necessary in fixing the proportions of the 
color to white and black in the disks, but in general, the 
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brightness of the gray slioiiltl be about tliat ot the color. 
When tlie contrast color has been satisfactorily obtained, 
bring near it a [)iece of wliite cardboard (e.g., 3x5 in.), so 
lield with reference to tlie source of light that it appears 
aln)iit as bright as the contrast ring. Hold the card so that 
its shadow does not fall on the disk, or at least is out of 
sight. ]Moti(;e the retr(‘at of the contrast color from its 
edges. On sindi exp(M*imc.nts as this much stress is laid by 
Helmholtz and the supporters of tlie psychological explana- 
tion of contrast. 

Contrasts with two colors at once can be shown by mak- 
ing tlie inner ])ortion of the colored sectors of one color, the 
outer ])ortiou of another. A temporary disk for showing 
(‘.ontrast idfects may be arrang(‘d by putting on the spindle 
of tlie (M dor-mixer first a large colored disk (e.g., 20 cm. 
in diaimder), then smaller combined disks of black «and 
white ((\g., 12 cm. in diameter), and finally a still smaller 
colored disk (e.g., 10 cm. in diamet(*r). 

Ibdmlioltz, /I, .542 ff., Fr. 51.^-540 (m)2-4l7); E; Aubort, 

hm If., .54(>ff.; von bezold, 144-171; Hood, 241-272; Mayer. 

For ])articiilar (‘xperiinciits, see the following: on a (second part), 
vou Hezold, H, 1 .k 5-1.')4; on h (second part). Dove; on c, Meyer. 

For quantitativ(‘ measureineiits of contrast in grays, see Ebbing- 
baus, H ; Tiidiinann; and Kirschinann, T). 

153. Some of the (kuiditions that Influence (hmtrast. 

(f. Contrasts are stronger wlien the colors are near to- 
gether. Lay a bit of white ])a.per on a black surface, e.g., 
a pit»ce of black velvet, and notice that the pa])er is whiter 
itnd the velvet blacker near the margin of the pa])er than 
elsewhere, notwithstanding tliat th^ moves about freely, 
fhis has received the name^M ‘‘Marginal contrast’^ (RmuL 

On a piece of gray paper, the siiio of a letter-sheet, lay two 
strips lof colored papin* close side by side (e.g., pieces of 
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red and yellow or of green and blue, 1 cm. wide by 4 cm. 
long). Below tliciii to tin* riglit and left, as far apart as the 
paper will permit, lay two other strips of the tjaine size and 
color, red on the red side of the former pair, y(?llow on tli(‘ 
yellow side. Notice the effect of tlie difference in distance 
on the contrasting pairs. Contrast of tliis sort is at a maxi- 
mum when one color entirely surrounds the other. 

b. Effect of size. AVheii the area of the inducing color is 
large and that of the induced color is small, the contrast 
is shown chietly on the latter ; when the two areas are of 
about e(pial size, as in (t above, the effect is mutual. Try 
with large and small bits of pap(*r upon a colored field. 

c. Borders and lint's of dtunarciation that se})arate the 
contrasting areas tend to lessen the efft'cd. l)y extduding mar- 
ginal contrast ; and (since the eye ttmds to move along 
rather than across strongly marked lint's), by hindering such 
motions of the eye as would bring about suct^'ssivt' contrast. 
Ke])eat Kx. 152 c, using two slips of gray ])aper 5 mm. wide 
by 2 cm. long, and substituting a ]>iecc of moderately trans- 
parent letter-paper for the tissues ])aper. When the (iontrast 
color has been t)bserved, trace tin* outline of out* of the 
slips with a fnie ink line ui)ou the paiKu* that covers it, and 
notice that tln^ color nearly or quite vanishes. A disk like 
that in the cut acnom])anying Ex. 152 d, when provided with 
a second contrast ring, mark(*d off on both its edges with a 
firm black dine, shows a weakening of the induced color in 
the bordered ring. 

This experiment and others like it play an important ])art 
in the ])sy(*diologioal, as opposed to the physiological, ex])la- 
nation of simultaneous contrast; see Helmholtz, A, 545 If., 
550 f., Er. 555 f., 55,0, 542, (400 f., 411, 414). Such a black 
border will, however, alsO make a weak objective color 
invisible. 

d. Saturation. Contrast effects are generally most.^trik- 
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ing with little saturated colors. Compare the effect of 
increasing, decreasing, and extinguishing the second non- 
colored light in the colored shadow ex])eriments. It is 
necessary, however, to see to it that reflected light from the 
walls and surrounding objects does not complicate the ex- 
periment. 

Compare the intensity of the contrasts in Meyer’s experi- 
ment (Ex. 152 c) before and after tlie application of the 
tissue paper. Notice also the part played by the white 
light mixed with the colored light in the mirror contrast 
experiments above. Try the effect of introducing white or 
bhuik or both into the largest and smallest disks in the 
arrangement mentioned at tlie end of Ex. 152. I’owerful 
contrasts with the most saturated colors can be observed, 
however, when tlie proper conditions are fulfilled. 

e. (k)lors induced upon gray flelds are stronger when the 
gray has about the same brightness as the inducing color, 
lie peat Meyer’s ex[)eriment, using White paper instead of 
the gray or black. With the three disk arrangement try 
the effect of making the hi t(*r mediate; disk all white and all 
black. Hood iinds that grays slightly darker than the 
inducing color are advantageous Avhen the inducing color 
is red, orange, or yellow, and slightly lighter when the 
inducing color is green, blue, violet, or ])nrple. 

On conditions in general, see Helmholtz, 540-541, Fr. 513-514, 
(300-391), Kirselimann, D. In liering, K, will also he found nuich on 
the effect of various conditions. On />, K.xner, H. On r, Ilelniholtz, 
A, 54t) 547, Fr. 530-542 (411-414). On d, Helmholtz, A, Fr. 523-T>24 
(399-400). On e. Rood, d, 201. 

154. T'he Halo or Liehthof oi Ht;ring. Contrast is often 
to be seen in negative aftel-miiiges. That observed in after- 
images of white objects on a dark ground has been adduced 
by Hering as an argument against the psychological expla- 
natigii of contrast. Some of the simpler experiments are 
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as follows ; for his develo})inent of tliem oonsult Hering, A. 

a. Lay a half iiicJi s(iuare of white paper on a large- sheet 
of black cardboard (or better of black velvet), and put a 
small dot at its centre. Stare with unmoved eyes at the 
dot for from 15 to 50 seconds or more, then close and cover 
the eyes. There will then be seen, neglecting incidental 
color effects, the dark after-image of the ])ai)er surrounded 
by a halo of light, brightest next the paper and gradually 
falling off in brilliancy toward the ])eri])hery. This is ex- 
plained on the psychological theory as due to contrast with 
the deep black of the after-image of the scpiare. When, 
however, the (ton verse of the experiment is ])roperly made 
(a black srpuire on a white ground), the dark halo which 
would be (‘xpecteil by contrast is not found, though the 
after-image of the black scpiare is very bright. 

h. Lay two white scpiares side by side two or three milli- 
imders apart on the dark ground and between them a 
minute clip]ung of paper for a fixation point. Secure the 
after-images as before. The halos of the two scpiares 
coincide in tlu* narrow s])ace between and giv(i a much 
brighter band in the aft(*r-imag(‘. Under favorable circum- 
stances this bright band may remain visible while the after- 
images of the sfpiares themselves are t(un[)ora.rily invisible. 
In both these experiments it is better to use both eyes than a 
single one. The (explanation of the halo as a matter of false 
judgment, esi)ecially in the la.st mentioned case, is not ea.sy. 

Ilering, A. 

155. Simultaneous Contrast with (yk)lor(Hl Shadows. The 
effects of simultaneous contrast are almost always lost in the 
more ]:)Owerful ones of smecessive contrast. The first requi- 
site, therefore, of an experiment on the first, is tin* exclusion 
of the second. This is not difficult for colored shadows. 

a. Place a good-sized ]>i(»ce of white paper on a table in 
such a position that it may be illuminated at the i^me 
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time from a window (if the day is overcast) and from a gas- 
jet. Set upon it a small block or other object (about 5 cm. 
by 10 cm. in size) ; something black in color is best. Light 
the gas and observe the two shadows, one cast by the light 
from the window, the other by the gas. The first will 
appear yellowish, the second clearly bliie.^ Adjust the dis- 
tance and position of the block with reference to the light 
so that the shadows shall appear about equally dark, and 
the blue shadow shall be as sharply bounded as ]X)ssible, 
and for that purpose it is well to have the shadow cast by 
the edge rather than the fiat side of the flame. The color 
of the yellowish shadow is objective and due to the yellow 
of the gas-flame, that of the blue is due j:o the contrast, but 
largely, as yet, to successive contrast. Tut a dot in the 
centre of the blue shadow, to serve as a fixation-point, and 
another on the edge. Fasten a paper tube (preferably 
blackened inside) so that it can easily be shifted from oiip 
dot to the other. Cut off the gas-light by holding a card 
between it and the block ; adjust the tube so that the dot in 
the middle of the shadoNV may be fixated without any of 
the field outside of the shadow being seen. AVait until all 
of the blue has disappeared from the shadow, and then, 
still looking through the tube, remove the card. The field 
remains entirely unchanged and appears, as before, a color- 
less gray. The former blue color is thus sluiwn to be sub- 
jective and due to contrast with the yellow lighted area in 
which it lies. 


* This setting of the experiment succeeds best when the daylight is weak, as, 
for example, just before the lights are usually lighted in the evening. If the ex- 
periment is to be made In broad day, the light must be reduced by curtains or 
otherwise; if at night, there must be two lights, one corresponding to the win- 
dow and one to the gas, and the latter must shine through a pane of colored gla.ss. 
If yellow glass is used, the colors will be the same as those in tin’s e.Nj)erlinent, the 
free flame taking the place of the daylight. If tlie sky is clear, itvS light is itself 
Iduo, and would complicate the experiment somewhat. Its light may, liowever, 
he p^dled through colored glass or gelatine, but then the orange color of Jihe 

gas-light must he regarded. 
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‘ h. Cut off the gas-light again and adjust the tube so thd,t 
tlie dot in the edge of the shadow may be fixated. Taking 
great care not to move the eye, withdraw the card. The 
part of the field of the tube filled by the shadow will ap- 
pear bliiisli, that of the remainder reddish yellow. After 
a little time of steady fixation, cut off the gas-light once 
more and observe the instant reversal of the colors. Tlie 
shadow now ajipears in reddish ytdlow, the rest of the field 
blue. The color of the shadow, both before and after the 
final interposition of the card, is due to simultaneous con- 
trast, in the first case with the reddish yellow light, and in 
the second with its after-image. 

Helmholtz and his su|)j)orters explain all cases of simul- 
taneous contrast as errors of judgment ; in the case of the 
colored shadow, for example, we mistake the ycdlow of the 
gas-lighted field for white, and (jonsequently find the shadow 
yrhich is really gray to be bluish. Tn the case of this par- 
ticular experiment, Hering and DelabariHj iiave shown this 
psychological explanation unnecessary and a ])hysiological 
one all sufficient, and Hering luis done the same for other 
forms of experiments. 

On simultaneous contrast In general, see Helmholtz, d, 542 ff., 
Fr. 515 -547 (:V.)2 418); Hering, A and E. On colored shadows see 
Helmholtz, d, 551-55S, P'r. 517-510 (:}04-a00); Hering, K Delaharrc. 

On Helmholtz’s theory sc(* Helmholtz, d, 543 ff., Fr. 510, 533-538 
(302, 407-411); Hc*ring, E ; Rood, d, 252 ff.; von Rezold, 7i, 140 ff. 

P’or (piantitative. measurements of simultaneous contrast uiuUu’ 
various conditions, see Kirschmanh, 1>. 

156. Simultaneous Contrast. Hering’s Binocular Method. 

a. Set a red glass in the right frame of the binocular 
color-mixer, a blue glass in the left. Look fixedly through 
the colored glasses at the cork ball below, bringing the ey(*s 
close to the glasses and the nose between them. Adjust the 
side screens till the white ground below appears in |i uni' 
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form light violet from the binocular mixture of the red and " 
blue (see Ex. IbT). The narrow strip of black paper on the 
white is seen double, tlie right hand image bluish, the left 
yellowish. 

h. The possibility of successive contrast, however, is not 
yet excluded. Lay a sheet of black pa])er over the whole 
of the wliite li(‘l(l and its black strip; rest the eyes; and 
finally, when everything is in readiness, and the eyes again 
fixed on the ball, swiftly draw away" the black paper, keej^)- 
ing the eyes motionless. The contrast colors are seen on 
the instant, before any motions of the eyes that might intro- 
duce successive contrast have ])een made. 

lleriug argu(‘s that this (experiment is conclusive against 
the psych()logi(*al ex[)lanation of simultaneous (contrast, 
unless a separate unconsci(Jus judgment is to be made for 
each eye; for that'whicdi is seen is a light violet field, 
and the contrast (iolor to that should be a greenish yellow,, 
and both imag(*s of the strip should be alik(», whereas, 
actually, the images appear in dilbu’eiit colors, neither of 
which is the color required.' 

Ilciring, J. 

lo7. Induction of a Like (lohn*. An effect the reverse 
of the ordinary contrast effects soimdiines ap])ears, the in- 
ducing (^.olor rea])|)earing in the induced field. 

a. Iffaee (dose side by side a large piece of black pa])er 
and an ecpial sized ]U(M;e of white. Make a dot as a fixation 
point at the middle of their line of junction, and stare 
lix(‘(lly at it for half a minute. After a few seconds the 
white will appear decidedly darker and the black decidedly 
bghter, the effe(di Ix^coniing more marked as fixation is 
<‘‘>ntinned. S(m^ also Ex. V22. 

A darkening or brightening of a colon'd ground is often 
fo be observed when a figure in black or white is placed 
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^ upon it. This is a method of obtaining shades and tints 
often used in polychromatic decoration. Observe the effect 
in Fig. 4 of idate 1. Tlie same may be observed occasion- 
ally in plaid fabrics, and is shown very satisfactorily in 
kindergarten mats woven in checker-board })attt‘rn of col- 
orcnl and gray pa]!)ers. If a set of graded gr.ays is us(m1 so 
that the strips may range evenly from a black at one side 
to a white at the other, the corresponding shading of the 
colored ])apcr is striking. 

On a, JJoIinholtz, d, TwI If., Fr. 527 ff. (101 ff.); IToriiijr, A, ;?(j If. 
On h, von IJczold, 7>, 182-l8o and Plate V. For wliat is perhaps a 
related phenomenon, see linieke, 124 tf . ; Jhdinholtz, d, 540, Fr. 
520 (:100); Auhert, d, 540 f. 

158. Indinmce of Experience in Visual 1 Perception. While 
in the previous experiments a ])hysiological explanation 
seems sutficient for the facts, ])sychieal action is not ex- 
cluded, even by llering, from a consid(n*able share in sense 
perception. In the following experinumts ex])eri(*nce co- 
operates in the result. 

a. Place upon the color-mix^er a short-] )c^nt(*d star of 
white (jardboard, or even a scpiare ; Avhen in siifhciently 
rapid rotation, it appears as a white central circle sur- 
rounded by a more or less transparent ling. W’hile in this 
condition bring behind it a broad strip of Idack cardboard 
of somewhat grt^ater length than the diametcn- of tin; star 
from point to ])oint. As the edge; of the card advances, it 
can be seen not only behind the trans])arent ring, but, ap])nr 
ently, also behind the o])a(]ue central circle, and the portions 
of the latter in front of the black card seem darkened by 
its presence. The illusion holds, though witli a lighteiiiny 
instead of a darkeming effect, wlum a. white* card is iiioved 
behind a bhu'k star. I'ln^ illusion fails by d(*gre(‘S if tli*' 
card is kept motionh^ss, but may be observed to a certaii! 
extent when the star is at rest, or even on a square of can! 
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board held in the hand while another is moved to and frj* 
b(‘hind it. In all cases the latter card should often be 
wholly withdrawn, so that its edge can be clearly seen. 

h, (/Over a piece of black cardboard smoothly with tissue 
])aper, and notice that it seems at first blacker (because its 
color is well known) than it afterwards proves to be on com- 
parison with other grays. 

c. In mixing colors by rell(‘ctioii (Kx. loO a), notice the 
teiideiic-y to sec one color through the otlier, inst(‘ad of see- 
ing the mixture of the two. This tendency may be so 
strong at tirst as to interfere, to a cmdaiii extent, with the 
success of the exp(‘riment. See also Kx. 1(>1. 

Ildniholtz, vl, olii, f., Fr. :}00 (27a); Kirsclimaiin, F. On the 
(lifliciilty of judging small dittVivnccs in the color of surfaces that 
pres(Mit other small unlikenesses, see Hering, E, 

SOMK IhiEXOMKNA OF KOTATTNO DiSKS. 

ird). The Munsterberg-Jastrow Phenomenon, a. Set a 
black and white disk, e.g., that used in Ex. Ho a, in rapid 
enough rotifUon to give a {iniform gray; pass raj )idly before 
it a thin wooden rod or thic,k wire, and notice the multitude 
of shadowy images of the rod that aiipearon the disk. The 
number of images is greatiist in the portion of the disk 
having tin; most frecpient interchange of black and white. 

h. Ke})la(a* the disk by one carrying two or more colors. 
Motice the repetition of the ])henomenon, and that the 
colors of the images are the colors (otherwise completely 
blended) which the disk actually carries. The explanation 
of the phenomenon is not altogether clear, but the. sudden 
changes of the background against which the rod is seen 
seem to have an t^ffec.tnot unlike that of a strobos(*o])ic disk 
^*1* of intermittent illumination, and thus show the rod at 
rest in its successive positions. 

Jaj^row. 
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160. Retinal Oscillation. Prepare a disk of black card- 
board 2o-«30 cm. in diameter, and paste ii[)on it a sector of 
white of 00° extent. Put the disk in slow rotation (one turn 
a second), fixate the middhi of the disk, and notice tliat the 
retreating edge of the Idack is always folio wtul by a narrow 
shadowy sector in tlie wliite. Under favorable conditions 
more than one may be seem. The; retina on lirst btung stimu- 
lated with white, ap])arently reacts in the direidion of black 
(see Ex. l^b), then swings again toward white, and so on. 

Charpentier, H. 

161. Perception of Flicker with Different Parts of the 
Retina. Plac*.e upon the e(dor-inixer a black and white disk 
in which the see.tors are complete from (tentre to circumfer- 
ence ; those used in Ex. 14o will not answer here. Rotate 
the disk at such a rate as to give a lively flicker, fixate its 
centre and slowly imu’ease the rate. With care a point will 
be found where the sectors are blended for the (central parts 
of the retina, but still flicker for the periphery. Try also 
looking at one edge of the disk while giving attention to the 
centre or ()p})osite edge. This is*iii accord witlf the general 
princi])le that peripheral after-images are. of shorter duiation 
than those of tlui 7’etinal centre. Too bright illumination 
should be avoid(‘d, for with intense light the difference be- 
tween the centre and ])eriplnM-y is less, or even (piite reversed. 

Bcllarrninow. On rotatiii" disks and their phenomena in general, 
see nelrnholtz, /I, 480- 501, Fr. 445-471 0t‘17“o57). 

Binocular Phknomkna of Ltout and Color.^ 

162. Tn general the. two eyes co-operate to bring about 
a single visual result, but tlie union of the impressions u]>on 
the two retinm is influenc(*d by a number of circumstances. 

^ Tlu‘ (‘xperirnfnta that follow can all he made with the stereoscope, hiit prac- 
tice will enable the experimenter to combine the diagrams with fn*e eyt‘8, eilhcM 
by crossing the lines of sight (fixating a point nearer than the dlngrarn), or hv 
making them parallel or nearly so (fixating a point beyond the diagram^ TlnV^ 
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a. If the stimulus to one eye is considerably stronger 
Ilian that to the other, the sensation in the latter is in most 
cases totally suppressed. Close one eye and look at a sheet 
white ])aper with the other, letting the open eye move 
;il>out freely. There is no tendency for the darkened field 
of the closed eye to assert itself. 

h. When, however, the effect of the stimulus in the open 
is somewhat weakened by steady fixation, such a ten- 
dency is to be observed, and the whole of the field of tin? 
o[)en eye, except a small area about the point fixat(‘d, nmy 
he suppressed from tinn^ to time by the dark iield ol‘ the 
closed eye. A slight motion will, however, instantly re- 
store the first. See also Ex. 127. 

c, A field that contains sharply marked objects or con- 
tours will generally triumph over one that does not. Try 
combining tin; hitters below in such a way that the IVs are 
superj)osed. In this diagram the white field of either eye, 
which corres[)ouds to A or C in the other eye, will generally 
not triumph over the letter. 

AB BC 

TTolniholtz, A, Fr. 964 ff. (767 ff.); P, 380-385; Aubert, 

d, a^O-aaa; Wundt, d, 3tc Au6., II., 1^3 ff., 4te Aufl., II., 20t) ff. 

Ifid. Eechner’s Paradoxical Ex])eriment. Hold close be- 
fore one eye a dark glass, such as is usimI in protecting the 
eyes, or a ])iece of ordinary ghiss moderately smoked over, 
or even a black card with a good-sizinl ])in-hole in it, allow- 
ing the otlier eye to reihain free. It is easy to see that the 

Uic oxporimeiitor should try to acquire. lu thc.se »*xporiments it is iiiipor- 
that the eyes should he of approximately equal power; and if the poorer eye 
‘"oinot helped with lenses, the vision of the other must he somewhat reduced 
l>y lh(> i«t(Tpo8iti(m of a sufficient number o$ plates of ordinary glass. 
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^binocAilar field is darkened by the interposition of the dark 
glass. If, however, the eye behind the glass is elosed, or 
the liglit wholly out off from it by holding a black card in 
front of the glass, the field appears decidedly brighter ; tluft 
is to say, cutting off a })ortion of the stimulus received by 
the tot.al visual apparatus, has caused an increased intensity 
of sensation. TJie experiment fails for very dark and very 
light glass(\s. Several explanations liave been given, but 
that of Aubert (according to which the sensations of the 
two retime blend in a sort of average result when the dif- 
ferenet' is not too great, but one wliolly su])presses the other 
when tlie difference is very great) seems to be the most 
satisfactory. 

Fcclnier, /?, 41(5 ff. ; Helinlioltz, A, Fr. 90:]-004 (700-791); Ilering, 
Q, 311 f.; Aubert, A, 400-503. • 

KM. liivalry. When the two retime are stimulated at 
the same time separately with strong light of different 
colors, or are confronted with otherwise incongruous fiehls, 
i.(‘., fields that cannot be given a unitary interpretation, 
there results a peculiar instability and irregular alternntion 
of the colors over part or the whole of the combined fitdds 
of vision. This apparent struggle of the fields is known 
as Metinal Itivalry, Hold close before one eye a piece of 
blue glass, before the other a piece of red glass, and' look 
toward tin; sky or a brightly lighted uniform wall. Tin' 
struggle of (U)lors will at once begin. The same may l)c 
observed with a stereoscope when the usual i)air(Ml photo- 
graphs are re])laced by (*dored fields, or even with no a[» 
paratus at all, when both eyes are closed and turned toward 
a bright sky and one of them is covered with tlie hand. 
Long looking generally tends to quiet the rivalry. Kivalry 
has been explained as due to fluctuations of attention, and 
some observers find that it can be more or less controllc' 
by attention (Helmholtz). Fechner discusses the aMentio!- 
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theory, anti finds it insufficient. Von Bezold thinks rivalry* 
associated with changes in accomniodatioiji which follow 
attention, liering and others regard the changes slh of 
more physiological origin. See also Ex. IG5 b. 

Holiiiholtz, A, Fr. 904 ff. (707 ff.), 974 ff. (775 ff.); IIerin^,^ 
;»S()-S85, 008 if.; Aubert, A, 550 IT.; Wundt, A, 0U‘- Aull, 11., 

185 If., 4te Anil., II., 211 if.; Chauveau, C. 

1(55. Prevalence and Rivalry of Contours. By contours 
is here meant lines of separation where fields of one color 
border ui)on fudds of another color. 

a. (k)ml)ine stereoscopical ly the two bars btdow, and noti(?e 
that it is the contours tliat sn])[)ress the solid ])arts of both 
the black and Avhite. This figure gives excellent results 
al^o when colors are substituted for the black and white. 



Notice a similar trium])h of the contours of the cross in 
the lett-haiid ligure below, or, better still, in an enlargement 
of it. 



b. JTotice the rivalry of the, contours in all of these 
figures.* 
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c. The last two pairs of diagrams are suitable for the 
study of the part played by attention in rivalry. While 
it is doubtful whether mere attention to one field or the 
other can cause it to predominate, it yet seems possible by 
indirect application of attention to cause it to do so. If 
attention is given to an examination of the lines and small 
squares in the left-hand figure, or if one • of the sets of 
lines in the right-hand figure is counted, both will ai)})ear 
to be somewhat assisted in their struggle with the cross or 
the other set of lines. 

d, A printed page has a decided advantage. Try a dia- 
gram in which a printed page is ]mt in rivalry with a i'udd 
of heavy cross lines. The lines will be found to yield to 
the print, at least at the point at which the reader is look- 
ing at the instant. Two pointed i)ages, however, b(‘Come 
hopelessly mixed ; and it is hard to say how much of the 
advantage, when a single one* is used, is due to its su})erior 
power as a holder of attention, and how much to its excel- 
lence as a set of contours. A portion of the ])ower of 
contours is probably to be explained by the mutual intensi- 
fication of both the black and the white by contrast; but a 
part is perhaps due to a stfVmg teiuhmcy, observable in 
other cases also, for the eyes (and attention) to follow lim^s, 
and especially outlines. 

Ilehnlioltz, A, Fr. 0(34 ff. (767 if.); Hering, P, 380-385, Q, 314; 
Wundt, A^ 3te Aufl., Jl., 183 ff., 4te Aufl., II., 209 ff. 

lOf). Luster. Sheen. When one of the rival fields is 
white and the other colored (especially when one is vvdiitc 
and the other is black), there results, besides the rivalry, 
a curious illusion of shine or polish, known as binocular 
lustre. 

a. Examine in the stereoscope a diagram made like the 
accompanying cut, and notice the graphite-like shine of the 
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])yraiiiid. The explanation seems to be tliat polished sur- 
faces, which at some angles reflect light enough to look 



^vllit(^ and at others appear in their true color, have often 
in previous ex])erience given rise to sucli differences of sen- 
sation in the two eyes, and from tliis difference it is inferred 
that the object seen in the diagram is shiny. 

b. A s])ecies of monocular lustre (or transparence) is to 
be observed when black oj; white or colors are combined by 
riK'ans of the reflection color-mixin*, especially when the 
inclination of the plate is so changed that one color a],>- 
pc^ars to be reflected in the surface of the other, or to be 
si'cn through and behind it. The experinnuit works well 
when real obji'ets are reflected in the surface of the glass, 
the reflecting power of the latter a})pearing to be trans- 
ferred to the horizontal surface on the opposite side. 

Tlduiholtz, ^1, Fr. 1)8S If. {7S2 ff.); Hering, P, 570-577; Aubert, 
A, 550 If.; Wundt, A, 3te Anil., II., 177 If., 183 If., 4te Aufl., II., 
204 ff., 209 ff. 

167. Binocular Color Mixing. The result of simultane- 
ous presentation of different colors to the two eyes is not 
always rivalry or lustre. If the colors are not too bright 
and saturated, and the fields are without fleck or spot to 
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give one the predominance, a veritable, though somewhat 
unsteady, mixture of the colors may result. 

a. Idace a red and a blue glass of equal transparency 
in the binocular color-mixer, and adjust the side screens till 
the proper amount of white light is mixed in with tliat 
transmitted from below. The mixture will then be seen on 
the white held below. Try also witli other eombimitions ot 
glasses. Mixtures obtained in this way are not always the 
same in a])})earaiice as the monocular mixtures studied 
above, and soim^ observers liave great difficulty in getting 
them satisfactorily. Long and steady gazing, which inter- 
feres with rivalry, favors binocular color mixing. 

h. The same effect may be conveniently obtained with a 
stereoscope, from which the middle partition has been 
removed. Try with equal areas of dull colors of little satu- 
ration. Ilering r(*conimends two squares of red and two of 
blue, set at equal distances in a horizontal line, the twoi’cds 
on one side, the two blues on the other. When the middle 
])air are combined stereoscopically, they show a mixed color, 
while the unmixed colors can be s'Cen for (comparison beside 
them, lie also suggests the use of lenses to ])revent sharp 
fcjcusing of the eyes upon t li^ contours, which interferes 
with the mixture. Com])lem(‘ntary colors are said to be 
more difficult to fuse than those standing nearer in the 
color scale. The saim* is true of colors differing greatly in 
brightness; see Ex. KtT 

Tr(*lmholtz, A, Fr. 070 flP. (770 ff.); Hering, P, 501-000; von 
Bezold, C; Chauv<*an, A; Aubert, A, 550 IT.; Wundt, A, Ste Aidl., 
II., 180 ff., 4m Aulh, 200 IT. 

1()S. Linocular Contrast. The Side-Window Experiment. 
Stand so that the light from tlie window falls sidewise into 
one eye, but not at all into the other. Idace in a convenient 
position for observation a stri]) of white ])aper on a black 
surface. The paper when looked at with both eyes ai)pears 
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])(*rfectly (iolorloss. On looking now at a point nearer than 
the strip of jKqier ((^g., at the lingcn* liehl u[) befonj the face), 
double images of the strip will be seen. The two images will 
b(^ different in brightness and slightly tinged with eomple- 
in(‘nl.ary colors. The image belonging to the eye next the 
window (whi(di may be recognized by its disajjpearance 
when that eye is closed) will appear tinged with a faint 
blue or blue-green color, the other with a very faint red or 
yellow. The light that enters the (^ye through the sclerotic 
is tinged reddish yellow, and makes the eye less responsive 
to that (jolor ; the white of the })aper strip tlierefore appears 
hhiish. It ai)pears darker partly for a similar reason, and 
])mha})s also, as Fechner suggests, because it lies in a field 
which, for the eye in (piestion, is giuierally bright, llie 
reddish color of the other eye’s image of the stri]) is ex^ 
j)laiued as due to contrast with the first, but whether this 
confrast color is* a ])syehi(al matter, or whether it is to be 
ex|)lained by the action of the stimulus in the first eye 
upon the seciond, as there seems some r(‘ason to think, is as 
y<‘t uncertain. Its gr(‘aten* brightness is ])robably due to 
tii(^ fresluu- condition of the eye to which it belongs, and to 
contrast with its h‘ss brilliant field. The same thing is 
oft(*n to be nothu'd Avhen reading with the lamj) at one side, 
or even when one eye has been closed for a short time 
while the other has been open. The doubh' images are 
ill no wise essential; simple alternate winking Avill show 
(h‘(uded differences in the condition of tiie two eyes. 

Foclmor, B, r,ll ff.; Brik-kc, 420 IT.; Ilerins, /^ OOO-UOl; Helm- 
lioltz, a, Kr. 987 ff. (785 17.); (4iauvcau, Titchciicr, Wumlt, ^1, 
Aulb, 11., 188 IT., 4te Aulb, II., 209 if. 

1 t)l). llinocular After-Images. Lay a bit of orange-colored 
I'aper on a dark ground, and })rovi(Ie two Avhite cards. Hold 
one of the cards close to the left eye, but a little to one 
^ide, so as not to hide the bit of paper. Hold the other 
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eight or ten inches from the right eye in sucli a way as to 
lii(l(* the i)aper. Look at tin; paper for ii f(*w seconds witli 
the left eye, then bring the card before it. A faint, washy, 
orange-colored positive after-image will appear on the card 
before the riglit eye. The image is by no means easy to 
observe. It is supposed to V)elong to the riglit ey(;^s half 
of the visual apparatus, possibly to the central, i.e., cerebral, 
part. 

Ebbinghaus, C ; Cliauveau, B ; Titchener. 
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Chauvkau: A. Sur la fusion des sensations chromatiques per- 
Vues isolenieiit par chacuii des deux yeux, (Jotnptcs rendns, 
CXIII., 1891, :l58-302. . 

Ji Sur les sensations chromatiques exercitees dans Tun des deux 
yeux par la lumiere coloree qiii eclaire la retine de Tautre adl, 
ibid., 394-:l98. 

C. Sur la tlieorie de I’antagonisme des champs visuels, //>/(?., 4;19- 
4A2. 

(hiEVREun: The Principles of Harmony and Contrast of Colours, 
London, 1859. 

Di:r.AnAiu?E: Colored .Shadows, Ameriran Joiinud of Psychology^ 
ir., 1888-89, 0:i0-04:i. 

IloxDKKs: A. Ueber Farbensysteme, ro?i Graefe's Archii\X^Xyil.^ 
1881, i., 155-22:1. 

Noch einnial die Farbensy.stenie, ibid., XXX., 1884, i., 15-90. 

G. Farbengleichungen, DuBois-UeymoiuV s Archir, 1884, 518-552. 

Dove: Versuche iiber subjective Complementarfarhen, Poyyen- 
dorlf's Annalcn, XI.V., 18:18, 158-102. 

Liuunohaus: A. Theorie des Farbensehens, Zeltschriff fiir Psy- 
chologies V., 180:1, 145-2:18. Full statement of matter pre- 
sented in outline before the Psychological Congress in Londoji, 
18^2, Proceedings, 101-10:1. 
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B. Die (iesetziniissigkeit des llelligkeitscontrastes, Silz.-ber. dvr 
Akademic zn BvrUu^ 1., Dec.’ 1887. 

C. Ueber Nachbilder iin binocularen Selieii uiid die binociilarcii 
Farbeiiersclieiiiungen iiberliaupt, PJluyer's Archir^ XLVI., 
1800, 408-508. 

Ehkrt: Ueber deii Kinfliiss der Scliwellenwerthe der Lichteinpiin- 
diing aiif den Charakter der Spectra, Wiedcniann's Annalvu, 
XXXIIl., 1888, 1:J()-155. 

Exnf:u: A. Beiiierkuiigeii iiber intermittirende Nelzhaiitreiziiiig, 
Pjluyer'a Archie, III., 1870, 214-240. 

Ji. Ueber eine neue U rtheilstaiischimg iin (rebiete des (T(*sic]its- 
sinnes, ibid., XXX V'll., 1885, 520 *522, (this part also in Biol. 
Ccntralbl., VI.) ; XL., 1887, :j2;5-:WO. 

Fkchnkk: a. Ueber eine Sclieibe znr Erzengnng siibjectiver Far- 
ben, Pofjyvndorff'ft Annalvn, XLV., 1888, 227-282. 

B. Ueber einig(‘. Verhiiltnisse des Binocularen Seliens, Abhl. d. 
k. adrhs. Gvm. d. llV-s.v., VII., 1800, 880-504. 

Fick, a.: a. Zur Theorie des Farbensinncs bei indirektem Selieii, 
PJfUyePs Archie, XLVIL, 1800, 274-285. 

B. Work cited with same letter in Chap. V. 

Fick, a. E. : A. Eine Notiz i’dicr, Farbcnempfindiing, PJiihjcr's 
Archie, XVII., 1878, 152-1.5.8. 

B. Studien iiber Licht- iind Farbenemplindnng, ildil., XLIIl., 
1888, 441-.501. 

Frank L ix, fliristine Ladd: A. Eine nene Theorie der Lichteni- 
pfindiing, Zcitschriftfur Pfif/choloyir, IV., 1802, 211-221. Ab- 
stracts of this pajier riiay be found in l*roc. (’ongr. Exper. Psy., 
London, 1802; .Johns Hopkins University Circulars, XII., No. 
100, June, 1808, 108-110; Science, XXII., July 14, 1808, 18 10. 

B. On Theories of Light Sensation, Mind, Ser. 2, II., 1808, 478 
480. 

Helmholtz: A, Work cited with same letter in bibliography of 
Chap. V. 

B. Popular Scientific Lectures, First Series, New York, 1885. 

C, ’Versneh einer erweiterten Anw'emliing des Fechnerschen Ge- 
setzes im Farbensystem, Zeitschrift fur Psychologic, II., 1802, 
1-80. 
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D. Versuch das psych ophysischc Gesotz auf die Farbenunter- 
schiede trichromatischer Augen anzuwenden, ibid., 111., 1801, 
1 - 20 . 

E. Kiirzeste Linien ini Farbensystem, ibid., 108-122. An extract 
from Sitz.-ber. dcr Akademie, zii Berlin, 17, Ihurcmber, 1801. 

lliouiNo:! A. Zur Lelire vom Lichtsinne, AVien, 1878. Koprint of 
six communications to the Vienna Academy, 1872-74. For an 
extended alistract of tliis work, made by Dr. William Pole, see 
Nature, XX., 1879, 011-01:1, 0:17-0:10; XXI., 1870-80, 14-17. 

B. Znr Erkljirimg der Farbenblindheit ans dm- Theorie der (Jegen- 
farben, Prag, 1880. Reprint from Lot ox, Neiic* Folge, I., 1880. 

f/. lleber individuelle Verschiedeiiheiten des Farbensinns, Lotos, 
None Folge, VI., 1885. 

I), llelenchtnng eines Angriffes auf die Theorie der Gcgenfarben, 
PjUbjeEs Arrhir, XL!., 1887, 20-40. 

E. Ueber <lie Theorie des simiiltanen Contrastes von Helmholtz, 
ibid., XL., 1880-87, 172-101 (Die farbigim Schatten); XLI., 
1887, 1 20 (Der ( ■ontrastversuch von II. Meyer nnd die Ver- 
siudie am Farlxmkreisel) ; :i58-:k)7 (Der Spieg(‘lcontrjistversiich); 
XLIII., 1888, 1 21 (Die subjective „ Trennung des Lichtes in 
zwei complenKMitilre Portionen “). 

F. Ueber die von v. Kries* wider die Theorie der Gegenfarben 
erhobenen Einwande, ibid., XLII., 1888, 488-500; XLI 11., 1888, 
20 1-288, :120-:140. 

a. Ueber die llypothesen zur Erklarung der peripheren Farben- 
blindheit, r. GraeJFs Archiv, XXXV., 1880, iv., 0:l-8:i; XXXVI., 
1800, i., 204. 

//. Zur Diagnostik der Farbenblindheit, ibid., XXXVI., 1800, i., 
217 2 : 1 : 1 . 

/. Di(» Untersuehung einseitiger Storungen des Farbensinnes mit- 
tels binocularer Farbengleichungen, ibid., XXXVI., 1800, iii., 

1 - 2 : 1 . 

d. Reitrag zur Lehre vom Simultankontrast, Zeitschrift fiir Psy- 
choloyie, 1., 1800, 18-28. 


* Herlng’s work upon color has not yet boon gathered into one consecutive 
whole. It has seemed well, therefore, to insert here, in addition to the titles of 
l>apers bearing directly on the experiments of Chap. VI., such other titles on 
•>5,'ht and color as came to hand. 
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K. Eine Methode zur Beobachtung cles Simultancontrastes, 
J]/l}hjer\s Archiv, XLVII., 1890, 230-242. 

L. rriifung der sogeiiannton Farbcn<Ireiecke init II iilfe dcs Farboii- 
siims exceiitrischer Netzhautstelleii, ihuLy XLVII., 1890, 417 
438. 

M. Ueber Newton’s (lesetz der Farbenmisehung, Frag, 1887. 
lliiprint from Lotos., VI J., 1887. 

JV. Uiitersiicliiing eines total Farbcnblinden, PJluger^s Ai'chlv, 
XLIX., 1891, r>03-(}08. 

O. Fine Vorriclitiiiig zur Farbenmisehung, zur Diagnose der F:ir- 
benblindheit und zur Unlersuehung der ("ontrasterselieinuMgeii, 
Pjlihjer's Archh\ XLII., 1888, 119-144. 

P. Work cited with reference letter A in the bibliography of 
Chap. V. 

Q. Work cited with reference letter B in the bibliography of 
Chap. V. 

It. Ueber Holmgren’s vermeintlichen Nachweis der ElcMiien- 
tarempfind ungen des (lesichtssinns, PJiuyer's Archiv^ XL., 
1887, 1-20. 

S. Kritik einer Abhandlung von Donders, Lotos., Neue Folge, If., 
Frag, 1882. 

T. Ueber Sigmund Exner’s neiie Urtheilstauschung auf deiii 
(febiete des (Jesichtsinnes, Pjiiigcr's Archie, XXXIX., 1880, 
159-170. 

U. Ueber den Begriff ,, Urtheilstauschung “ in der physiologi* 
schen Optik und iiber <lie Wahrnehmung simiiltaner und- sue- 
cessiver Ilelligkeitsuntersehiede, ibid., XLT., 1887, 91-100. 

Hess: A. Ueber den Farbensinn bei imlirectem Sehen, v. Gi'ocjyfi 
Archie, XXXV., 1889, iv., 1-02. 

B. Untersuchung eines Falles von halbsei tiger Farbensinnsstonnii; 
am linken Auge, ibid., XXXVI., I8il0, iii., 24 oO. 

C. Ueber die Tonanderungeii der Spektralfarben durch Ermiidunj/ 
der Netzhaut mit homogenem Lichte, ibid., XXXVI., 1890, i. 
1-32. 

IIiLLEniiANi): Work cited in bibliography of Chap. V. 

IIolmgken: Color-blindness in its Relation to Accidents by Rail ait J 
Sea. Translation byM. L. Duncan, Smithsonian BeporJ^, 187. 
131-195. 
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.Tastkow: a Novel Optical Illusion, American Journal of 
chology, IV., 1801-02, 201-208. 

.fKFKiiiKs: A. Color-blindness, its Dangers and its Detection, Bos- 
ton, 1870. This work contains a seveiitccn-page bibliography 
on color-bliiKiness and kindred topics. 

B. Color-blindness, Article in the Keference Ilancibook of the 
Medical Sciences, New York, 188G, II., 241. 

KihsciimanN: A. Heitriige zur Kenntniss der Farbenblindlicit, 
Wundt's Philos. Stndien, VIII., 1802-08, 178-280, 407-480. 

B. Ueber die Ilelligkeitseinpfindung ini indirecten Selien, ihUL, 
V., 1880, 447-407. 

C. Di(*, Farbenemi)findnng ini indirecten Sehen, Erste ^littbeilung, 
ihid., Vlll., 18{)2-08, 502 -014. 

I). lJ(;b(*r die (piantitativen Verlialtnisse des sininltanen Hellig- 
keits- und Farben-Contrastes, ihid.^ VI., 1800, 417-401. 

E. Some EiTects of Contrast, American Journal of Psycholo[iy^ 
IV., 1802, 542-557. 

KoNKi: A. Ueber den Helligkeitswert der Sp(‘ktralfarben bei 
vers(!biedener absoluter Intensitat, Beitriigi*. zur Fsycbologie 
und Physiologie der Sinnesorgaiie (llelinbolU Festgruss), Ham- 
burg und Leipzig, 1801, 811-888. 

B. The Mo(h*rn Development of Thomas Young’s Theory of 
(.V)lour Vision, Beport of British Association, Birmingham 
Mvetimj, 188(), 481-480. 

C. Zur Kenntniss dicbromatischer Farbensysteme, WiedemanrCs 
Annalen, XXI I., 1884, 507-578. 

Konio iTNi) DiKTKunn: .1. Die (}rundem])findungen in normalen 
und anomalen FarViensystemen und ihre Intensitiitsverteilung 
im Spektrnm, Zeitsrhriftfur Psycholoyir, IV., 1802, 241-847. 

B. Ueber die Empfindliehkeit des normalen Auges fiir AVellen- 
langenuntersehiede. des Lichtes, Annalen, XXII., 

1884, 570 -580. 

Von Kiuks: Die Gesichtsempfind ungen und ihre Analyse, T)u Bois- 
Beymond's Archiv, 1882, Supplement-Band, 1-178. A care- 
ful summary and discussion of the whole subject. 

okiimann: Ueber die Anweinlung der Methocle der mittleren Abstu- 
fnngen auf den Lichtslnn; <!ie quantitative Bestimmung des 
Uichtcoiitrastes, IFwndt’s Philos, Studien, III., 1880, 510-528. 
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Max WKLi. : A. On the Theory of Compound Colours, and the Relation 
of the Colours of the Sjiectriim, PhiL 7Vun.s., (JL., 1800, 57-84. 

B, On Colour Vision, Proc, Bot/al Instit uUoii of (Irvut Britain^ YI. 
These two i)apers are also to he found in Maxwell’s Seientilic 
ra])ers, (’ainhridj^e, 1800, J., 410-440, II., liOT -liSO. 

31aykk: Studies of the pheiioiuena of Simultaneous Contrast-Color; 
and on a Cliotometer for measuiiiii^ intensities of Cijujlits of 
dilfereut colors, Aincricoii Jonnud of Sriaicv^ Ser. o, XIjVI., 
180;l, 1-22; also /V///. J/m/., Ser. .5, XXXVI., 1800, 15:5-175. 

Mkykr: Ueber (’ontrast- oder Complementarfarben, Ponifcmhtrfs 
Ammlvu^ XCV., 1855, 170-171; also Phil. Ser. 4, IX., 

Jan. -June, 1855, 547. 

Nichols: A. On the Sensitiveness of the Eye to Colors of a Low 
l)ej:];n*e of Saturation, Ainrrirou Jonntdl (f Science^ Ser. 5, 
NXX., 1885, :57-41. 

B. Duration of (.5)lor Impressions upon tin? Hetina, ^ioirriraii 
Journal of Srioirr^ Ser. :5, XXVllL, I8S4, 24:5 252. 

Pack: Zur Kra<fe der Schwankuii.i^eu dm* Aufun*rlcsamk(*it iiacli 
Versucheii mit der 31assou’sch<‘n Sclndbe, W'audt's Phih>s. 
Sladirn, VUI., 1802-0:5, .‘588-402. 

Pkiuck, 15. ()., Jii. : On tbe S<*nsitiv<*uess of t.b<‘. Eye to Slight DilTcr- 
ences of (’olor, Ainvrican. Journal of Srivnrr^ S(‘r. :5, XXVI., 
188:5, 200-:502. 

Pkiucio, (X S. : Not(* on the S(*nsation of Color, Ainrrican Journal 
of S(‘ienrf\ Ser. 55, XI 11., 1877, 247-251. 

PiiATKAu: Hetraehtuiigeii iilxir ein von Ilru. 'Falbot vdrg(vsrlil.'i- 
genes i)hotometrisches Prineij>, Po(/</riidor,trs Annalrh^ XXXV., 
18:35, 457 -408. 

Poj.k: Further Data on Colour-Blindness, Phil. Mat/.^Hov. 5, XXXH 
1802, 100-114, 4:50-44:5, X XX Y., 180:5, .52-02, XXXVI., l^o:!, 
188-105. 

IhtKYEu: Work cited in hibliography of Chap. I. 

KAYr.Eioii: A, Exi)eriments on Colour, Naturr^ XXV., 1881 
04-00. 

B. Rayleigh and others: IJeport of the [KoyaKSociety’s] ('omn if- 
tee on Colour- Vh'sion, Proc. Boy. *Soc., LI., No. :511, Jii^v 
1892, 281-:500. 
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Koon: A, Stiulcnts’ Textbook of Color, New York, 1881. 

Jl. On a new Theory of Light, proposed by .John Smith, M.A., 
American Journal of Science, Ser. 2, XXX., 1800, 182-180. 
S('iiustkk: Experiments with Lord Kayleigh’s Colour Box, Proc. 

Itoy. Sor., XLVllL, 1800, 14(V140. 

'I’aluot: Exi)eriments on Light, Phil. Man ., V., July-Dee., 

1804, 021-004, especially, 027-004. 

0’n’('H F.XKu: Ueber binoculjin'i Wirkungcn monocularer lleize, 
WnndVii Philoa* >*7//d/cn, V'^lll., 1802 00, 201 010. Cites litera' 
ture. 

Wundt: A. Work cited with same letter in the bibliography of 
Chap. V. 

B. Die Empiindung d(‘s Lichts und der Earben, ir/D?dr.s Philths. 
Sfmlioi, IV., 1888, 011-.08i). 

For further bibliograpliical references, see the works of Helmholtz 
and VulxM’t and the following by Plateau: Bibliogra])hie analytitpie 
des ])rincipaux pheiioinenes subjectifs de la vision, depuis h*s temps 
aneiens jusfiu'a la tin du XVI II. siecle; suivie (rune bibliographie 
simple pour la parti<* (x*oule(‘ du sii'cle aetind. Mchn. eour. de I’ Acad. 
It. lie B«‘lgi(iue. ; Hruxelles, 1870-77. 



184 LABOliATORY COURSE IN PSYCHOLOGY. 


CHAPTER VTI. 

Visual Perception of Space and Motion. 

Tiik question of visual space perception is one of the 
oldest and most actively discussed in all pliysiolop;i(‘al psy- 
chology. A complete treatment involves arguments from 
surgery, pathology, and other sources outside the possibili- 
ties of the laboratory ; and even then it is difficult, if not 
impossible, to establish one theory of it surely, as against 
all others. Apart from the question of original sensations, 
there is, however, a certain degree of harmony, and it is the 
commonly accepted facts that this chapter aims to gather 
up. The discussion of the ultimate matters may be fol- 
lowed in the works of Helmholtz, Hering, Stunij)f, Janies, 
Wundt, and others. For the facts in general, see Helm- 
holtz, Hering, Aubert, Wundt, James, and Le Conte; for 
special facts, see special references given below. The 
subject is also treated in t*Iie standard physiologies, Jlern- 
steiii’s Five Senses, McKendrick and Snodgrass’s Fhysi- 
ology of the Senses, and other books of the same kind. 

The ordinary seeing of space rests on the retinal and 
kimesthetic sensations of both eyes, and in every norimd 
act of vision any or all these sensations may be inflinm- 
tial. For the sake of simplicity, however, it is necessary 
to separate them, and to treat now one and now anothci-. 
The topics will be taken up in the following order : Monoc- 
ular Perception of Space (including cases where both eye. 
are used, but the conditions are not essentially influenceti 
thereby) ; Geometrical Illusions ; Equivocal Figures l5inoc* 
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iilar rerception of Space; Visual Perception of Motion; 
and Visual Syiiiinetry. 

Monocular J^erception of Space. 

170. The Outward Reference of Visual Perceptions. 
Outward reference of visual perceptions probably conies 
iihout tliroLigli tlieir co-ordination with the perceptions of 
otlier senses, especially the tactual and kiiiccsthetic, but the 
matter is too comi)lex for direct experiment. It is easy, 
however, to study the relation of the retinal innige to the 
outer objects that produce it. Considered physically, the 
image is reversed. (Cf. the experiment on the rabbit’s eye. 
Ex. 104, and those on Purkinje’s vessel hgures and phos- 
phenes, Exs. Ill and 119): it can be shown also in the 
following experiment with retinal shadows ; but in all cases 
it must be kept clearly in mind that retinal phenomena are 
never perceived as such, and especially that retinal sensa- 
tions are not first given a location in the eye, and later 
transferred outward. 

a. Retinal Shadows ; Tie Cat’s Experiment. TTold a pin, 
head upward, as close as possible before the pupil, and, an 

inch or two in front of the piiva card ^ 1 

pierced with a pin-hole. Move the pin 
about till it conies into exact line with 
tlie hole, when there will be seen in the 
circle of diffusion representing the hole 
a. shadowy inverted image of the pin- 
liead, somewhat as appears in the accom- 
panying cut. The rays of liglit from the pin-hole are too 
^livergent to be brought to a focus on the retina, but enter the 
in a favorable state for casting a sliadow. The shadow 
the retina is erect, like Mie ihn that casts it, but is per- 
coivedi as inverted. Obser ve at the same time the still 
more blurred, erect image of the pin through which the 




186 


LAIiOnATOBT COURSE IN PSYCHOLOGY. [171 


other things arc seen. This is not a shadow, but an image 
(really a blur of diffusion circles) formed in the ordinary 
wiiy by light reflected from the surtacse of the pin. When 
several pin-holes are used (three at the points of an eighth 
of an inch triangle, for example), an ecpial number of shad- 
ows will be seen. 

The easting of the shadow can easily be illustrated with 
a candle and a double convex lens. Set the lens a foot or 
two from the candle, and hold a card on the opposite shle 
of the ie'n^ u;;; n;'=u- formation of an image ; then 

introduce a finger or p.’’''''^ “ 

toward the liglit, and obsV 

I A f 4- T 1 4^'hcr retinal phenomena otteii n])- 

h. After-Images and ot/" ^ , 

. X r 1 i. 4.1 ' surface of obieets upon whicli 
pear to be conformed to the . n 

4.1 • 4. 1 rri • 1 been made a subioet ot ex- 

they are proiocted. This has« , *’ , . 

. • 4. • 101 7 1 >ther example was found in 

perimeiit 111 Ex. 124 //.and ami . , ... 

XI V 4. 4- (-41 £4 • ^ cross in Ex. Idl />. '1 

the distortion ot the after-imagu , , , . 

r, p . r 4 . 1 , XI e after-image strong, thib 

the surface is complicated and th 

n . 4 4. 4. ’ the image appearing m- 

contorniation is not aiit to occur, , .-l 

X 1 X 41 4 , /, f (iet a monocular atter- 

stead to lioat beiore the surface. „ , .. 

. ndow shutters, or ot a 

^nnlight, and project it 

. X r 41 r,M after-image, especial’-' 

into one corner or tlie room. Ihe, ; , .n 

, 1 4- 4 ’ 1 1 1 1 to he part on one all 

when somewhat faded, can be madeir , , , 4 ,„. 4 ,.,i 

, , ,, 1 4.1 4 . *^)ear bent and distorted. 

and part on another, and thus to apjj^ 

,, ..... , .o Ilclniholl!!, A, (i. 

On inoiiocnlar projection m genera], . ip.ring A oT^ 1 ^ 

Fr. 780 ff. ( 00 ! ff.); Aubert, .iOO 315 f. ; 

On a, Le Conte, B; Wallenberg; Laqi] 

Scharwin and Novizki. 

, ,, .. , ® Diroctious from the 

171 . Monocular rerception of.i: ... , . , . i 

rp, . ,. „ . . 'I ordinarily binocular, .m- 

The perception of direction is^ ^ t ^ 

, , 1 • 1 T i-’ ' a referred lies betwCif U 

the centre to which directions ar. ^ lliuocul.u’ 

eyes, even when one is closed, i * 


image of a narrow slit in the wi 
polished steel rod set up in the si. 
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perception must, however, rest on ii perception of the relor 
tive direction of ^loiiits in the monocular field, and this 
will be considered in the next few experiments. 

Two luminous points apjjear to have the same direction 
when one is exactly covered by the other; or, to state the 
matter in retinal terms, when the imaKC of the one for 
which the eye is accommodated lies in the centre of the 
circle of diffusion of the one for which the eye is not ac- 
commodated ; or, if both ax)pear in diffusion circles, when 
the centres of these circles coincide. The lines drawn 
through ])oints in this relation are known as Sujhting 
Luirs. When prolonged toward the eye, they meet in the 
centre of the pupil, or, rather, in the centre of the image of 
the pupil formed by the cornea, about O.G mm. forward of 
the tru(i position of the pupil, and 3 mm. from the summit 
of the cornea.^ The sighting line which coincides with the 
lint} of vision is the prifnai*^ siglitinf^ line. 

The Ikirallax of Indirect Vision. The position of the 
common point of sighting .lines is found by infert}nce from 
the optical structure of the eye. To make a sure empirical 
dtiterniiiiation would be laborious, but it is easy to show 


' Tliose lines (Visirlinien, Lignes t'iset) might well ho called “ linos of di- 
rection,” h;id not this iinmo boon already given to another set of linos, thoso, 
namely, whi<'h are drawn from the points of external ohje<'ts tt) the correspond- 
ing points of the retinal image. These have luicn mentioncil in Kxs. 1(M> and 117 ; 
ami they give, with certain limitations, the directions in which objects appear 
when the eye is exaetly accommodated for them. Tludr point of intersection is 
about 7 nun. from the summit of the cornea. They are important for physio- 
logical optics, but for the psychology of the perception of direction are less 
important than the sighting lines, though for remote points, and for points near 
the fixation point, the difference between the two sets of lines is very slight, 
i'er points I'oinote from the fixation point, for reasons to be given later (Kx. 172), 
’leithcr set gives exactly tlie direction in which objects are seen. 

Kirschinann (p. 474 ff.) has called attention to an error into which the nn- 
Hary are apt to be led by the term “ crossing point of sighting lines ; ” namely, 
Ui.it these lines, when extended to the retina, give the position of the centres of 
Uio circles of diffusion. A more appropri.ato name for the point in question, 
''oiiitl tie^tlie ccmnion point of sighting liio s. For diagrams correctly drawn 
‘n this particular see Kirsclimaun, Figs. 4-6. 
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that the point is considerably in front of the centre of 
rotation of the eye (about lO.G imn.). The difference be- 
tween the visual angle of any point (that is, the angle 
made by the sighting line ])assed through that point and 
the primary sighting line) and its rotational angle (that is, 
the angle through which the eye must be turned to fixate 
that point) is the jmralhix of indirect vision. 

I'lace a candle at a distance of a foot or a foot and a 
half from the eye. Look toward the llame with a single 
eye, but hold close before tlie eye a pencil or narrow strip 
of cardboard. So long as the eye looks straight forward, 
the tlaine is entirely hidden by the p^nicil. Wlum, liow- 
ever, the eye is turned strongly to either side, the flamo 
instantly appears on the side toward which the eye has 
been turned. Such differences in apparent direction wdll 
V)e large if one of the X)oints is licar and the niovennmts of 
the eye are extensive, but small when both points are dis- 
tant or the movements small. Similar shiftings are caused 
by changes of accommodation. J)r. Kirsehinanii considers 
such clianges an important element in the monocular per- 
ception of distance. 

The explanation of the parallax wdll readily appear from 
the following diagrams, in Avhich represents the pencil, 
f the flame, s the (‘ommon point of sighting lines, and the 
dot on sn tlie centre of rotation. The lines radiating from 
s are sighting lines, sa being the principal one, which is 
practically coincident with the line of sight. 

Jlelinlioltz, d, Cr. (WO, 727 IT. Kr., (502 paO), 745 If. (58.3 If.); An- 
bert, A, 4(U; Kirselimaiiii. 

172. llelative Directions in the Monocular Field of Yis- 


' For direction of the apparent vertical, which might also be included here, 
see Ex. 209 b. 
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a. Lines that Appear Straight in Indirect Vision. Lay 
u large sheet of paper on the table, and mark a fixation 
point in tlie middle of it. Two or three inches to the right 
or left of the fixation point place a button or bit of black 
papier, and, a foot farther and nearer, other buttons or bits 
of paper. Then leaning over the table so as to bring the 
(‘ye. above the fixation point, try to place the. three buttons 
in a straight line, parallel to the median plane, holding the 
(‘ve. steadily upon the fixation point. Examination of the 
i)uttons when placed will show that the middle one is too 



H 


near the fixation mark ; i.e., the attempt to make a straight 
lino has resulted in a curve convex toward the fixation point. 
I’l V also with the buttons in lines perpendicular or inclined 
1“ the median plane. 

11 linos convex toward the fixation point appear straight, 
linos that are actually straight should ap])ear concave. (3n 
'' hu ge sheet of paper draw a pair of parallel lines three or 
hnu* inches apart and two or three feet long. Tlace a fixa- 
I'on |>pint midway of their length and half-way between 
1 Innu ; fasten the paper to the wall, or spread it on the 
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table, and observe as above. Try with the linos vertical, 
horizontal, and in oblique positions. In a spherical held of 
vision, the parallel lines of this experiment would be repre- 
sented by great circles. The horizontal pair, for example, 
would have their poles at the right and left ends of tlie 
horizontal axis of tlie spherical held, and their planes would 
make equal angles above and below th(^ i)lane of the horizond 
It is obvious that changes in direction which make 
straight lines appear curved cannot take place without in- 
troducing slight errors of distance also. The shortest dis- 
tances for perception are the curves which aj)])ear straiglil-. 

b. Nature of Lines that Appear Straight in Indirect Vis- 
ion. It would, of course, be jmssible by developing the 
method used in a to make a somewhat exai;t study of the 
nature of these lines, but their general nature may l)e found 
in another way. In the hemispherical thdd of regard these 
lines are circles, - - Helmholtz’s Circles of Direction. I'lu' 
following diagram shows the projection on the plane fidd 
of a system of these circles of (Hrection. For use, the <lia- 
grain must be enlargc'd five or six times. It shoidd be 
viewed with the single eye opposite its centre, and at a dis- 
tance proportional to the length of the short line below tlu^ 
diagram. In order to lix this distance, it is convenient to 
cut a rod of such length, that when the eye is at the right 
distance the rod will just reach from the outer edge of the 
socket of the eye to the diagram. When the head is brought 
into the proper position, and the eye is fix(*d on the middle 
of the diagram, tlie lines of the figure will aiipear apiiroxi- 
mately straight and jiarallel. Try with the diagram in the 
position shown below, and also when turned so as to make 


1 It should uot he supposed thjit the uaYve field of vision is heinisitheriea'. 
The fitdd is neither definitely heniispherieal nor definitely unythiug else, exce; t 
US it is formed hy the conditions and habits of vision. It is here spoJ^eA of as .'>• 
hemisphere or as a plane, as ease in exposition may require. 



172 ] VISUAL PERCEPTION OF SPACE, ETC, 191 

the principal lines oblique. Especial care should be taken 
to avoid movements of the eyes, for a new interpretation 
of tlie curves is tlius introduced, and tlie cliecker-board 
seems concave instead of plane. This disadvantage may 
be es(5aped by fixating the centre of the diagram till a sharp 
and strong after-image is secured, and then observing this 
with closed eyes. 



After getting the general effect, the observer should re- 
l»‘;it^the obs(*rvation, beginning first at a distance greater 
niaii that just used, at which the curvature of the lines can 
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easily be recognized, and then slowly approaching till a 
point is reached where the lines seem straight and the 
s(piares equal,, and still farther till the curves appear to 
bend the other way. Test the distance at which the lines 
seem straiglit with the little rod mentioned above ; it will 
generally bo found to agree approximately with the dis- 
tance for which the diagram is calculated.^ 

It thus appears that the x)rojections of the circles of di- 
rection are the lines tliat seem straight in indirect vision. 
These circles of direction are lines along which the eye 
(when moving according to Listing’s Law) can carry a short 
after-image without causing the image to leave the line. 
They are in this particular, for the eye in motion, like 
straight lines, and the exx)eriment shows that, even when 
the eye is kei)t still, its exx)eriences of movenKuit exercise 
a controlling influence on its t>ercex>tions. (On Listing’s 
Law and the circles of direction, see Ex. 131 h, and Aj)- 
j)ondix I.) 

c. Illusions of Form in Indirect Vision. Radial dis- 
tances, as might be inferred from the diagram of an* 
more decidedly underestimated than distances parallel to 
the margin of the field. Disks of cardboard or cindes wlnui 
removed a little from the fixation point appear flattened. 
Try with a six-inch disk held at arm's length, or an inch 
circle on cardboard (or the larger circle in the hist figure 
in Ex. 107 a). Too great distance from the fixation ])()int 
is a disadvantage; try on the four principal meridians <d' 
the retina at distances not greater tlian the diameter of the 
disk or circle. 


1 The agreement is not perfect, and there are perhaps, in addition, individual 
differences depending on tlie exactne.ss with wlntdi the eyes follow Jjisting’s Law. 
Helmholtz finds the curvature of the extreme verti<*al8 on the temporal side ^ 
little too great ; and Kuster, working hy a .slightly different method, up|W 5 ars l'» 
have found it too great for all the curves (cited by liering, yl, :i70, note). 
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The whole field of vision itself appears narrower than it 
really is ; it actually covers an extent of about 180°, and 
yet under favorable circumstances, as when looking at the 
(lark field of the closed eyes, or at tlie sky in the absence 
of all landmarks, the extent may seem not much over 90°. 

Jlclmholtz, A, G. 002 ff., Fr. 706 tf. (551 Wundt, A, 4te 
Anil., II., 128 ff.; Ilering, A, 369 ff., 530 ff. 

173. Directions in the Monocular Field of Tlegard.^ The 
observation that the perceptions of the eye at rest are 
modified by those of the eye in motion, is still further con- 
lirmed by the similarity of other phenomena of the field of 
regard and the field of vision. 

a. Straight Lines Viewed with the Eyes in Secondary 
IV^sitions. Experiment with a single eye and a long ruler 
held horizontally before an even wall space or other uni- 
form background. Hold the flat side of the ruler toward 
the face, and about a foot distant from it. Try first with 
tlie ruler eight or ten inches above the primary position 
of the line of sight (cf. p, 119), running the eye freely 
l)a(d< and forth along the edge, and observe that the edge 
anpears curved upward; i.e., concave below. Try with the 
ruler depressed a somewhat greater distance below the pri- 
mary 2 >osition, and observe the contrary curvature. Try 
also with the ruler vertical and to the right and left, 
kittle advantage will result from too extreme positions of 
the ruler. The curvature to be ob.serv(id is not very great; 
but that it is due to the visual a[)paratus, and not to the 
I'liler, is easy to show by turning the ruler over, which 
Would reverse the direction of an actual curvature in the 
i’uler, but not that of the curvature which depends on the 


* 'I’ho Field of Jiegard is the extent of spnee that can be seen directly when 
^ eye iu free to move ; in other words, the field within which the fixation point 
range.* 
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eye. Change of position of the ruler from above to below 
the primary position of the eye, on the contrary, reverses 
the direction of the curvature due to tlie eye, but not a 
real curvature of the ruler. Compare the results here 
found with tliose in Ex. 172 a, 

Tlie occasion of tlie illusion is the rotation of tlie eyes 
when moved from point to point in secondary positions. 
(Cf. Ex. 131 h, and Appendix I.) When tlie eye is k(*j>t 
fixed on tlie end of the ruler, or moved slowly, the ruler 
may seem slightly tilted instead of curved. 

llolmholtz, A, G. 08(5, Fi\ 099 (545); Iloring, .1, 500. 

174. The Ivctinal Image and Perception of Size. Accu- 
racy of Discrimination. The perception of size is usually 
complicated by that of distance as well; but when objects 
are at the same distance, their relative size will deiiend on 
the size of their retinal images, if the (‘yt^ is at rest, or on 
that and the extent of the angles through whi(jh the eye 
must be moved to sweep over tl^cm, if it is in motion.' 

a. Accuracy of Coin}>arison with the Eyes at Pest. 
Test with (Jaltoirs bar and the kryjitcon as follows. Place 
upon the middle of the flap of the instrument a small point 
to serve as a fixation point, and a guide-mark on the back- 
board to help in placing the bar so Uiat its division thrc'ad 
may bo each time exactly behind the mark on the flap. 


1 Th size of tlio retinal imago is found, as explainod in Kx. 117, hy 
ing lint' from tlio extreme points of tho 'bject througli the ero.ssing point <•! 
the line of direetioii, ami prolonging them to tho retina. Tho angle rnndn !•> 
the.so li los is often called tho Visual Angle, This eonstruetion, however, is 
exant only when tho ey») is exactly accomn odated. When tho eyes are n»'t ac- 
comniodatfMl, tho sighting lines should ho .used to form tho anglo instead of Urn 
lines of direction. ^\nd when objects are seen by sweeping the eye over thei i 
from end to end, tho lines which give the true visual angle are obviously tho: 
from tho extremities of the object to tho cciitre of rotation of the eye. Thi“ »* 
various kinds of visual angles differ but slightly among themselves, and, 
matter of fact, are all purely artificial. Immediate perception kuow^noth: c 
of visual angles or retinal images, but only things seen. 
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Adjust the Chiltou bar so tliat its division tliread is in the 
middle. Place it in the krypteoii, and cover it with the 
dap. Let the subject fixate the point on the Hap ; and 
wlien lie is quite ready, let him quickly turn down the flap, 
and, keeping liis eyes unmoved, make liis judgment as to 
the equality of the two parts of the bar. If the parts 
siMun unequal, a constant error in his judgment is probable, 
and tlui setting must be made such as to compensate it. 
If the parts seem equal, record the judgment, remove the 
l)ar, and alter the setting sliglitly. Keqdace the bar as 
hefore, with the division thread behind the fixation mark, 
;ind require a new judgment. Repeat this process, gradu- 
ally increasing the displacement until the subject is just 
able to recognizii a difference in the parts of the bar. 
Record the difference of length required for thjs judgment, 
and continue tlie experiment, beginning this time, however, 
with the tiarts quite distinctly unequal and working gradu- 
ally toward equality. 

A number of determinations should be made when the 
thrcjid is displaced toward the right and toward the hd’t, 
and with changes toward equality and away from it — an 
equal number of each kind -and the average of all taken. 
The ratio of the just observable difference to the length of 
oiu* part of the bar is the measure of the accuracy of dis- 
criniiiiat ion recpiired. Averaging the results separately for 
ilio (*as<?s in which the thread is disphu'cd towards the 
right and towards the left, will sliow the constant error in 
judgment, if there is any. It might seem profital)le to 
Inrnish the subject with a head-rest, in order to secure a 
‘•onstant distance between Ids eyes and the bar; but there 

reason to thijik this relatively unimportant (v. Kries, 
]'• and at all events, it is not necessary for casual 

'“•^tin^. Care should be taken, however, that the distance 
i ’ not such as to bring one end of the bar into the part of 
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the field eorresponding to the bliiul spot. Movements of 
the eyes from end to end of the bar must be excluded, 
and, Avith care on the part of the subject, there should be 
no great difficulty in doing so. Of course, any trials in 
which movements occur should be reported and dropped 
from the record. If more i)erfect oxcdusioii of (‘ycvinovo- 
nients is desired, it may be obtained by placing the bar in 
a dark box, and using instantaneous illumination. 

b. Accuracy of Comparison with IMovement of the Eyc's. 
Repeat the experiment with all conditions as in ta, exc(‘])t 
that after tlie showing of the bar the subject be allowed to 
move his eyes freely in comparing the parts. Comparo 
the results found in a and b, 

Wundt, y!, 4te AutL, 11., ff. ; llolmholtz, .1, G. 082 ff., Fr. 005 
ff. (541 ff.); ^iinslerberg; and the literatur(3 cited by Uiom. F(*r 
measurements of a similar kind upon squares, se(5 Warren and Sbaw 
(240); for measurements on circles, and for etfect of color on size, 
see Quantz. For exj)crimcnts on the exactness with which extents 
can be compared Avhen their distances from the eye, and so their 
retinal images, are unequal, see Fechner, II., oil f . ; Martins; and 
v. Kries^ 187 IT. 

175. Tlie Retinal Image and the Rcrception of Size: 
Ordinary Seeing. In the absence of other determini ug cir- 
cumstances, large retinal images are takcji to belong to 
large objects, and small to small. Uiidetermiiied cases arc, 
hoAvever, extremely rare. 

a. Known Objects are Generally Perceived tis of a Con- 
stant KSize, Irrespective of the Size of Their Retinal lm;ig(*s. 
Hold the hand eight inches from the face, and notice it>! 
size; then move it to sixteen inches, and observe tliat its 
apparent size remains the same, despite the fact that 
retinal image has now only one-half its former length ami 
only one-quarter its area. On further removal to invent n- 
four inches, the apparent size is still the same. This coi‘ 
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stancy is found in estimating the height of men, domestic 
animals, and familiar objects generally, and is frequently 
made use of by painters, who introduce the figures of men 
and other well-known objects to suggest indirectly the size 
of objects near which they are placed.^ See also Ex. 124 d, 
where a change in the size of the retinal image causes a 
change in the color, but not in the apparent size of the 
ol)ject. 

h. When the objects are equally familiar, an important 
])art is played by attention in determining which shall be 
iaken as the measure of the other. This is easily shown 
with two fingers, one held at eight, the other at twenty-four 
indies. Steady looking at the fjxrther linger makes the 
nearer look larger than normal ; and looking at the nearer, 
makes, the farther look smaller. 

c. Another experiment wliich shows the same indepen- 
dence of the retinal image is cited by irclmholtz from 
Smi til’s (3pticks. Place in the focus of a convex lens a 
wafer, a printed letter, or any other small object, and view 
it, at different distances from the lens. As the distance in- 
creases, t he object will seem to enlarge until it fills the lens 
cvimplctely. The fact is, however, that its image remains 
a]>proxinia.tely constant in size (since the rays from it are 
made parallel by the lens), wliile the image of the lens 
itsidf, and of all other objects in the visual field, decreases 
in size. 

ITcrin", />*, 14 f ; Rivers ; ITelniholtz, A, O. 830, Fr. 871 (680). 


’ Tu somewhat the same way a spire or tree may serve as a measure for the 
k of the sun or moon rising or setting behind it, with the result that the latter 
■ ' Ills larger than w’lien such comparison is impossible. This, however, is by no 
"'‘■'Ills tlie only element in the illusion. The flattened form of the sky — itself 
• '■0 resultant of several causes — also eo-operates by making the sun or moon at 
'e liorizon ^eem farther away, and therefore larger. The matter may he fol- 
' ''’*'»1 in Helmholtz ; Aubert ; Wundt ; Filehne ; and in a discussion by Lecha- 
:iik1 others in the lievue philosojfhiqiie, juillet, 1888- ftWrier, 1889, 



198 ‘ LABOUATOnV COURSE IN PSYCHOLOGY, [l76 

176. The lictiiial Image and rereeptions of Size and 
Distance. A eireinnstanc-e that very fn^quently determines 
the apparent size of an object is its apparent distance ; or, 
more generally, size ajid distance arc niutnally determining. 
If the ai)parent distance is constant, the a[)[)arent size of 
the object changes din'ctly with the size of tlu^ retinal im- 
age ; while if the a])])arent size is constant, the a})})ar(*iit 
distance (dianges inversely with the iniag(‘. Tlu‘se are facts 
of very coininon observation. In the laboratory they nmy 
be demonstrated as follows:-— 

Look at a portion of a i)age of print thi‘ough an ordinary 
magnifying-glass, holding tln^ glass near the ])ag(‘, so that :i 
good deal of the latter can b«‘. seem outside, tin', huis. Tin* 
retinal image of the part seen through the lens is enlarged, 
but the j)arts of the ])ag(j seen outsi«le the huis lix tlu* 
distance for tin*, wlude, so that the letters siMun enlarged. 
On the contrary, when an ot)era-glass or a tcdescope is used 
for a distant oljject, the eye is brought so close to the. eye- 
piece that nearly all the visual fi(dd, cxcc'pt that seen 
througli tlie instrunumt, is cut off. Tin? result is, then, 
that olyjects app(*ar nearer, and but little, if any, larger. 
Tlie effect is (upially (di'ar wlien the n?tinal image's a.r(? re- 
duced by using a double concave lens in the first cas(‘, and 
by looking through the opera-glasses from the big end in 
the second. 

Uillcbrand, 7>g bJl f. 

Ih*rce])tion of the Position and Movement of the Lines 
of Pegard. Tin? imjjortamre of eyi'-movements in s]>.‘iee 
perce])tio]i is clear from previous experiments, and will 
be still further eni])husized by several of the Geometricnl 
Illusions V)elow ; but the manner in which they play thmr 
part is anything but ch'ar. It has generally been assun '^1 
that they give rise to kiniesthetic sensations of some ki 1- 
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and that through those the fdiangiiig positions of the eyes 
are perceived. This, however, is doubtful, for direct ex- 
pcn-inieiit sliovvs that perception of the positions of the 
(•V(?s when retinal sensations are excluded is very defective, 
(^(d'. llering, 1>, 30 ff.) This has already been noticed in 
tin; case of eye-niovenienls from dizziness (Ex. 50), and 
(,tli(;r ciises arc giv(;n below. What the true explanation 
is -wliether eye-movements are effective solely by the 
cliangcs they cause in the r<;tiiKtl im[)ressions, or by some 
more direct means — is something yet to be settled. 

Perception of the position of the eyes or of the lines of 
regard may be ahsol/fte or relative. It is obvious that per- 
ception of the absoluh; position can only mean the co-ordi- 
nation of tliat i)erc.(;[)t ion with those of some other sense or 
senses, and the term is used here with that meaning only. 
Perception of the relative position will mean co-ordination 
with other perceptions of the same sense. Relative direc- 
tion in the field of regard, for exa,m})le, is measured from 
the primary position of the lines of regard, whicdi is prac- 
tically that taken by those lines when the. head is erect 
and the eyes are fixed on the horizon. 

177. Normal and Forced iNFovenients of the Eyes. When 
the line of sight is shifted voluntarily, objects seen appear 
at i(‘st, and the eye, so far as it is regarded, in motion. 
iVlien, however, the shifting is involuntary, as when the 
‘‘ves are forced to move by pressure of the lingers, or by 
iaiier causes, as in dizziness or dro])ping to sh'C]), objects 
'‘‘cm to move. Close one eye, and take between the thumb 
<>'<l linger a fold of the skin at the outer edge of the or- 
' it of the other eye, and draw it gently outward. The 
itself is thus drawn slightly in the same direction. 
^>h.j(‘ct^s in the fi(dd secuu to move a little in the opposite 
' -ectioit. Get a strong after-image of the window in one 
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eye, close and cover the same eye, and repeat the traction 
of the skin on that side. Tlie after-image will not appear 
to move.' 

Such a result appears to exclude sensations from change 
in the eye muscles, and, indeed, from any other external 
change in the eye from participation in any of the finer 
spatial perceptions. 

Helmholtz, A, G. 743, Fr. 763 f. (600). 

178. Fixation in (vomplete Darkness. It is difficult, if 
not impossible, to hold the eyes in a given position without 
the assistance of the retinal sensations. Arrange tlie dark 
box for binocular vision, and insert at the back a slide with 
a single hole. Fasten over the hole a bit of black car»l- 
board, so as to exclude all light. Make a small pin-liole in 
the card, which will appear, when seen from the front, as 
a minute point of liglit. Provide, also, another piece of 
black cardboard, which can be used from time to time to 
cover tlie hole and cut off its light. Ih’ing the eyes into 
position, and fixate the pin-hole for a second or two; then 
cut off its light, and try to maintain the fixation. After 
ten or twenty seconds allow it to apjiear again, and notice 
whether it comes at the point expected. Cicnerally it docs 
not. If the kinaisthetic sensations of the eyes were acute, 
such errors ought not to occur. For other instances of un- 
perceived movements of the eyes, see the experiments on 
illusions of movement, below. 

Ilillebraiid, B, 150 ; Helmholtz, A, G. 757 f., Fr. 770 f. (613). 

179. False Location of After-Images. 

a. If one fixates for a few seconds a small gas-flame or 
other bright object in a darkened room, and then, kc.M'pin-; 

> It i» probable that moving of the eye through a great enough angle in tl it 
way would cause some apparent movement of the after-imago ; 8uch,*!at ler , 
is the case when the eyes are moved involuntarily in dizziness. 
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his head unmoved, looks quickly away, he will observe a 
long positive after-image streak connecting the flame with 
the new fixation point. This has already been used in Ex. 
132 as a means of studying the movements of the eyes. It 
sometimes happens, however — especially when the head 
is moved with the eyes, and the movement is sudden — that 
the after-image is not correctly located, but referred to the 
side of the flame opposite to that on which the new fixation 
point is found. It often seems to shoot out, as it were, 
from the flame. If the movement has been upward, the 
after-image seems to lie below the flame ; if downward, 
above the flame, and similarly with other directions. As 
Macli expresses it, the image appears vvitli the place-marks 
that belong to the old and not to the new position of the 
eyes. Lesser degrees of false location, in which the after- 
image streak is partly on the same side of the flame as the 
movement, and partly on the other, are also observed ; and 
somewhat similar effects are to be seen when the move- 
ment is toward the flame fj-om some other fixation point. 

The explanations offered for the phenomenon do not 
sechi entirely satisfactory, but the essential factor is prob- 
ably defective ])erception of the actual movements of the 
eyes. 

h. Lagging of the Eye when the Head is Turned. Fix- 
ate a flame or other briglit object for a single second or 
less ; then close the eyes, and quickly turn the head 30° or 
10° to the right or left, or up or down. The after-image 
(often positive) wdll appear in the original direction of the 
ohjcct. Kepeat the fixation, continuing it this time for 
twenty seconds. The after-image (negative) will appear to 
furn with the head. Intermediate positions also will some- 
lOnes bo noticed. Munsterberg and Campbell report that 
111 :i,ny^ persons are unsuccessful in gtd-ting this result. 

Oil a, "Mach, A \ Lipiis, A. On b, Munsterberg and Campbell. 
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180. Locations in the Tiwlirect Field of Regard. 

a. Use the campinieter, adjusting the head-rest about 
20 cm. from the vertical ])lane. Make a distinct fixation 
mark before the eye, and- another at a distance of 15 to 18 
cm. to the right or left. Let the subject bring botli liis 
hands into symmetrical positions near the median plane — 
e.g., on either side of the foot of the head-rest- -and close 
his eyes. At command, let him open his eyes, take a care- 
ful observation of the distance of the side fixation mark 
from the median one, close his eyes again, and try to touch 
the side mark by a rather quiede movement of the hand 
upon the same side. Note the extent and direction of tlio 
error, and repeat the experiment, lacing careful always that 
the subject does not shift his head, find that he keeps his 
eyes closed, ex(;cpt when judging the separation of the 
marks; this last, in order that he may remain in igno- 
rance of the extent of his error. Try sev^cral times on 
either side. • The subject will generally overestimate. 

b. Repeat the experiment, Uiis time turning the head 
with the eyes, instead of the eyes alone, and keeping the 
head turned during the touching, the eyes of course bAig 
closed as before. Also, with the head straight, try touch- 
ing the median fixation mark. In ])oth eases tlie error will 
be small or filisent, showing that the defect is visual (eye- 
inuscle.s), and not in the arm. Loeb finds a similar error 
in touching points in the peripheral field of vision; i.c., 
points seen indirectly without eye-movements. 

Loeb’s explanation is that the eye-muscles are less aid 
less responsive, and require a greater and greater inner vm- 
tional discharge for a given response as they become moui 
and more contiacted. TJie position of tlie eyes (and lh ‘ 
location of the fixation mark) is judged by the volition: ’ 
impulse’’ required, and therefore overestimated. For a 
similar tendency to overestimate tlie position of 4he eye, 
see Hering, A, 444. Cf. ahso Ex. .‘jO. 
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On a aiul /^/TiOeb, /i, 21 ff. On b, Bowilitcli «and Soiitlianl (quan- 
titative results for touching under various conditions) ; Exner, 1322. 

181. Co-ordination of Vision and Touch. In the ordi- 
nary use of the eyes tlie visual and tactual locations of 
objects coincide very well for direct vision. It is easy, 
liowev(‘r, to produce a dislocation of one with reference to 
the otlier, and eventually a new adjustment. 

Lay on the table, at a (*.ouvenient distance, a button or 
other small oV)ject. ()V)servc the V)utton for a second or 
two through a prism of 10-20° angle, then close the e^^e 
and attempt to touch the button by a rapid movement of 
the hand. The hand will be found to have erred on the 
side toward which the field Inis been shifted by the prism. 
A few trials with the eye open will enable the observer 
to toueh the button with certainty. Continue the practice, 
however, for a few moments. Then remove the prism, 
observe the button with free eyes ; close them, and try 
again to touch the button by a rapid hand-movement. An 
(‘rror will again bo found, but in the o))posite direction, 
sli#wing that a now co-ordination of visual and touch space 
has been formed, 

Helmholtz, G. 745 ; Fr. 7G5 f. (GOl f.). 

182. rer(’-eption of ])epth by Aleans of Accommodation. 
Wladher the direct muscular effort of accommodation has 
any effect, apart from changes of the retinal image or asso- 
eiated tendencies to binocular convergence of the lines of 
J^ight, has been cpiestioned. The whole problem, both as 
to judgments depending on normal accommodation and on 
ihat required by chromatic aberration, is still sub jiidlce, 
and Avill not be followed further here.' 

' Kx])<‘rinieuts have been inaito on tho matter by Wumlt (/t, 4te Aufl., IT., 
fif.), by llillebraiul, Dixon, Konse, Arrer, ami Hounlon. For intluence 
'»• diroinatic aberration see Thompson, A ; but his re.sults are hard to verify. 
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That clianges in accoinmodatioii cause changes in appar- 
ent size and distance has, however, long been known. If, 
while attention is given to a distant object, e. g., a house 
or tree, the eye is quickly accommodated for a near point, 
the distant object will appear to withdraw and diminish in 
size. If the operator is not able to accommodate volunta- 
rily, the experiment may easily be made by letting him 
stand close to the window and select a spot on the glass 
for a point of near fixation. Aubert finds a difference in 
result with objects of unknown size. These are reduced 
in size, and given an extremely near location. Accommo- 
dation for a near point, while looking through a pin-hole in 
a card held close before the eye, shows the same result 
somewhat more easily, but heightened perhaps by other 
conditions. Carrying the card toward the object produces 
still further diminution in size. Aubert finds a change of 
apparent distance due to the efforts of accommodation 
when no actual change in accommodation results. 

Helmholtz, A, G. 119; Fr. 127 (97); Aubert, A, 601-002, 627; 
Stevens, ii, 340 f. ; Kirschmann, 452 ; llivers. 

183. Perception of Depth by Means of Intervening Ob- 
jects. 

a. Several of the monocular criteria of distance are better 
observed in the casual uhe of the eyes than in specific ex- 
periments, and this among the rest. The following figures, 
however, show something of the tendency. We are more 
inclined to regard the rings in A as complete and interlaced 
than as broken and carefully laid together. In the second 
figure the effect is still stronger, because it is still moie 
difficult to conceive the arch in the same plane with tin 
column and fitting exactly into its irregular outline. 

The multitude of objects intervening between the cyc 
and the horizon, together with tlieir known size and di 
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iaJice, doubtless contributes .also to the flattened appear- 
ance of the dome of the sky. 

/>. Most people have great difficulty in seeing the image 
Uroduced by a concave mirror in front of the mirror-sur- 
laco, though in most cases it is actually so located. The 
Mpparent interference of intervening objects combines with 
I he customary location of mirror-images behind the mirror- 
surface to produce the false location. The experiment may 
be made as follows : At a distance in front of a concave 
mirror, somewhat less than double its focal distance, is set 




up a figure like that below, cut from cardboard and black- 
ened on both sides, or even an ordinary retort ring of small 
«ize. The observer t.akes his position still further from the 
mirror in the line passing through its centre and the centre 
of the ring, and, if the adjustments are correct, sees float- 
iug in the air, a few inches in front of the actual figure, an 
enlarged and inverted iimige of it, so long, at least, as he 
oijserves with both eyes. The instant, however, that he 
looks with a single eye, the image drops back to the mirror 
'"urfacje or beyond. The rays of the figure, the spots on 
Ibe mirror, which are plainly seen through the floating 
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image, and tlie frame of the mirror, which cuts the imago 
off at the sides, all* conspire to make the image seem behind 
instead of in front. If the observer 
lias difficulty in getting the binooulai* 
location, a little swaying of the head 
from side to side, which causes the 
image to shift with reference to the 
mirror and the ligure, may be help- 
ful. 

A similar experiment may be made 
with a suitably adjusted convex lens. 

Helmholtz, A, G. 7G8 f . ; Fr. 703 ((32 1 f. ) ; 
Sully, 80 f. 

184. Perception of Kelief by Means of Shadows. 

a. The effect of shadows is linely shown by a mask col- 
ored alike within and without. Place the mask, with the 
hollow side toward the observer, in such a position that the 
light falls full upon it and no shadows are cast inside it. 
Let the observer regard it with a single eye from a distance 
of six or eight yards. lie will lind it difficult, or even 
impossible, to see the mask in its true concave condition, 
preponderant experience a])parently dictating the opposite 
result in perception. If, however, the pejsition of the mask 
is so changed that the light falls into it obliquely, the 
shadows immediately betray the concavity, and no difficnll v 
is found, except, perhaps, with the nose, which lies wholly 
ill the shadow. 

Medallions with heads in low relief, when lighted equally 
from all sides, can with a little effort be seen either convex 
or concave, — cameo or intaglio. The jiresence of unequ '1 
illumination and cross shadows makes this more difficuk- 
A sheet of paper folded like a lialf-o^ieii bobk, a.nd ^set np 
vertically, shows somewhat the same effect, especially 
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tlic lower end is eovered so that its coniaet with the table 
eainn)t be seen. Cf. Fig. iV, Ex. 202 and Ex. 203. 

h. Waller’s Experiment. In the following experiment 
(lark borders resembling shadows lead to an illusion of ele- 
vation or depression. Cut a piece of cardboard eight inches 
long by four wide ; cover luilf of it smoothly with red 
paper and half with blue. On the red paper paste several 
strips of blue, and on the blue several strips of red, strips 
a quarter of an inch wide by two long; or, better, put 
on concentric rings of the specified colors, leaving spaces 
h(‘tween at least equal to the breadth of the rings. The 
gummed rings used by kindergartners serve excellently 
tor the purpose. Idace the diagraiu thus made in such a 
]'.ositiou tliat it shall be strongly illuminated from tln^ right 
side, and view it from a distam^e of two or three yards 
with a single eye, covering lialf the pupil with a bit of 
bhi(*k cardboard, or, better, througli a hole in the cardboard 
about two Him. S(]uare, tlie card being shifted toward the 
nose or the temple to imitate a similar dislocation of the 
l)iq)il. 

If the temporal half of the right pupil is covered, the red 
rings will ap])(*ar to stand out slightly from their ground ; 
ihe l)lue will a])pear to lie somewhat depressed in theirs, 
ir the nasal half of the pu.pil is covered, the red will be 
d(‘j)ri‘ssed and the Idue elevated. The same is true for the 
l(dt eye if the terms nasal and temporal an* interchanged. 
N()ti(*e in each case the apparent distribution of light and 
shade. Changing the direction of illumination sometimes 
reverses the phenomenon. The experiment may be some- 
^vhat easier when the observer looks through a piece of blue 
glass (or violet or purjde gelatine) held close before the 
’ ye. The purpose of the blue glass is simply to make the 
blue ,and red of the papers used in the diagram purer. 
1 he edge of the card that covers the pupil may be black- 
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ened with advantage/ and slight movements of tJie card* 
may also prove helpful. 

The illusion depends upon the interpretation of the appar- 
ent sliadows and high lights. These arise from chromatic 
aberration, wliich is made much more apparent than in 
the normal eye by half-covering the pupil. The matter will 
be made clear by an examination of the figures opposite. 
In discussing the figures, it is assumed that the colors in 
question are perfectly pure, and that the right eye is takem 
for experiment, with the temporal half of the pupil coveied. 

It is impossible to accommodate the eye at the same 
time for both red and blue; if the red rays are brought to 
a focus on the retina, the blue rays are focused in front oi’ 
it; if the blue rays are brought to a focus on the retina, the 
red rays are focused behind it. In the figures ojiposite, L 
represents the line of demarcation between a red area and a 
blue area; in Fig. A the eye is accommodated for the red; 
in B for the blue. In A the edge of the red in the retinal 
image lies at /, the edge of the blue at </, which, when 
referred outward on the line of xlirection a 77, lo(;ates the 
blue edge at />', a shifting toward the left, which causes an 
over-lapping of the red and blue, since the red edge is p(‘r- 
ceived at L in its true position. Sin^ilarly in Fig. /> ac- 
commodation for the blue causes an apparemt shifting o( 
the location of the edge of the red to L", a shifting toward 
the right. Any intermediate degree of accommodation 
would cause a shifting of both the red and the blue in 
opposite directions. In Fig. C is also shown another rcsull. 
of such shiftings. Assume that a h c d represents a red 
strip on a blue ground. When this combination is viewed 
with the temporal half of the right pupil covered, there 
is a mutual shifting of the colors, and the strip a b c 
appears in the j)ositioii efgh. The result is a summatioji 
of the colors in th^ region b f g c, and au absence of nd 
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color (darkness) in the area a e h d. The region of summa- 
tion is taken as a high light, tlie region of darkness as a 
shadow — a condition of things that would be exactly par- 
alleled if a slight elevation existed in a field illuminated 
obliquely from the rightd In a way entirely similar to 


R L' L B R L L" B 



la al 


ABC 

that just used, the cases of blue figures on a red ground, 
(*!’ vision with the nasal half of the pupil covered, and of 
vision with the left eye, can readily be ex])lained. 

On a, Helmholtz, A, G. 772; Fr. 797 f (028); Bowilitch; Oppel, 
R. On h, Einthovcii. Brewster. 

’ Kintlioven, wlio has iiivestig.'ited this phenomenon earefully with a nearly 
• I' litical setting of the experiment, eonsulers the direction of illumination of 
‘Mile consequence. In the setting hero use<l, it has seeinoil to me rather iinpor- 
Ciiit, though not absolutely determining. The illusion is one of perceptive in- 
rpretation, where individual iliilerences are to be expected. The main point 
! however, in either case, that illusory shadows cause a plastic inter- 

1 ‘Station of the figure. 
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185. l*e reception of Kelief as Influenced by Oilier Ver, 
ceptions and Ideas. Lay on tlie table a short strip of ])a]H*r 
torn roughly across one end. Look with a single eye at the 
paper through a convex lens of short focus, from a distance 
of two or three feet, in such a way that the line of siglit 
makes an angle of about 45"^ with the siirfai^c of the table. 
The lens will present an inverted image of the stri]). This 
image, if exactly perceived, ought to appear vm-tical, or 
nearly so; it will seem, however, nearly horizfmtal, and the 
end which is actuall}^ farther away will seem the nearer. 
It will be found advantageous to have the image of the ]>a])(>r 
nearly All the lens. Repeat the ex])erinient, this time st iek- 
ing a pin vertically into the ])a])er. This will favor a t.i ner 
•perception of the position of the image. Tln^ false location of 
the paper depends on the pre-eonception that the table sur- 
face, as seen through the lens, still belongs to the rest, of the 
surfa-c.e as seen outside of the huis and known by sight a.n<l 
touch. To harmonize with this th(» ])aper must seem fnrned 
end for end. With the aid of tlui jiip, it takes a vertical 
position, and the end which is actually nearer seems so still. 

When lignres in shallow relief an* tlius viewed, they will 
also seem horizontal, if little or nothing of th(*ir surround- 
ings is seen at the same time, and often show changes 
from de])ression to elevation or vice versa. If they assiunc 
the va^rtical iiosition their relief is seen correctly. The 
changes depend somewhat on the object represented, ui'’- 
(lallions easily (duinging from intaglio to cameo form, hut 
not so readily from cameo to intaglio. Shadows are m ly 
important here, and their effect can be finely shown wlc n 
such figures are tried by artificial light. Cf. Ex. 205. 

Helmholtz, y1, G. 775; Fr. 798 (928); Brewster, R. 

180. The Perception of Form and Distance in Ipvei od 
Pictures and with Inverted Head. 
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a. Form and Distance in Inverted 3'ietures. Fietures 
produce a decidedly different effect when examined upside 
down. Try with any convenient set of pictures, includiug 
l)oth portraits and landscapes. The effect of inversion is 
strikingly shown in the ‘Hopsy-turvy ’’ picjture books com- 
mon a year or two ago, and is true -to a certain extent 
(u'cn of familiar portraits. In inverted landscapes, be- 
sides the general strangeness and a strong tendency to take 
sky for water and vice ver.^a, there is often an imperfect 
percci)tion of distance which results, when tlie picture is 
rig'ntod, in an ap])arent retreat of obj(‘(tts in the baek- 
ground. This is due, in the opinion of Filehne, to our 
vastly ])repondera,nt experience in the recognition of per- 
spective effects on the ground and below the horizon line.^ 
In the inverted picture, lines that usually converge up- 
ward converge downward, and only suggest im])erfectly 
their usual interj)retation. J)r. Margaret \V^asId)urn finds 
many cases of a reverse effecd., the background seeming at 
a greater distance in the inverted position, and suggests in 
explanation a different estimate of size in the upper and 
lower, parts of the Held, similar to that in the case of the 
geometrical illusions of Fx. 19(>, below. 

/>. Distance with lnvcrt<!^d Head. When the actual land- 
sca[)e is viewed with inverted h(»ad, by looking under the 
arm or between the legs, the appearance of things is con- 
sideraidy changed ; the movements of meai and animals 
unfamiliar, colors are often brightened, and illusions 
with j-egard to distance are experienced. 

Try the experiment, taking ^xiins to have the eyes at the 
one height above the ground in both the inverted and 
‘‘>‘'<‘t positions. If this last is not regarded, an increase 


also uses the same lu-inciplo for explaining the llattenod sliape of 
anti the enlargement of the moon at the horizon. 
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of distance in the inverted position and a decrease in tlie 
erect will be observed which is not directly due to the in- 
version of the head. 

The apparent changes in color result from a change in 
interpretation. Tn the erect position colors are attemh^d 
to as signs of objects of certain qualities at certain dis- 
tances. In the inverted jmsition the perception of tlio 
latter element is less x^erfect, and the colors are seen 
more indejmndently. 

The nature of the distance illusion has been differently 
reported by different observers. Helmholtz and others see 
distant objects as more distant with the head crecit; James 
sees them nearer. Hr. Washburn's tests with j)ictures 
makes it i)robable that more than a single factor may 
enter at times, and the result with different landscapes 
may be ditferent.^ My own trials suggest that with 
complicated exx)anses like a view of vity roofs and build- 
ings, which is X)Oorly disentangled with the head inverted, 
the normal j:)osition gives the greater distance; while with 
a simide and relatively unbroken exx)anse the reverse may 
be the case. 

On a, Mach, vl, 50 ; Filehne, .300 f. ; ITering, yl, 571. On b, Helm- 
holtz, yl, G. 007, 871 ff.; Fr. 508 f., 01.3, 015 (433, 723, 725); Rood; 
James, II., 213; Margaret Washburn; Filehne, 207 ff. ; Thiery, 102. 

Gr:oMKTHTCAn Illusions. 

Beside the illusions just considered, a large number have 
been found that affect the percexJion of i)lane figures. In 
some of these the effect of j)ersx)ectivo or the tendency to 
interi)ret the lines as rejjresentations of three-dimensional 


1 Professor Janies does not say explieitly that he and Ids observers w 
careful about kee{>inK the eye the same height above the ground in tin* 
cases. If this was not regarde<l it iniglit account for the difforei^-o m 
result. • 
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ligiires is clear ; in others the influence of preponderating 
experience, or of eye-movements, is to be observed. It is 
probable that many, even of those that seem most sim- 
ple, are the resultant of several simultaneous tendencies ; 
1‘onsidcrablc individual differences in the extent of these 
illusions may therefore be looked for. A full treatment is 
out of the question here, the brief conimentary on the dia- 
grams being intended merely as a suggestion of the views 
held with regard to them, not as an exposition or criticism 
of those views. The student will do well to turn the dia- 
grams about and to view them from different sides, so as 
to separate the illusions that depend on position from those 
that do not. In general, illusions are strengthened when 
the affected lines are made oblique in the field. For very 
exact and careful study the diagrams should be separated 
from one another and from the influence of all extraneous 
lilies, e. g., draAvn singly on good sized sheets of paper. 
Sometimes the size of the diagrams makes a difference, 
some illusions being more striking in large figures, others 
in small. ^Phe figures in the text are not to be taken as 
standards in this regard. Many illusions are much inten- 
bilied when the figures are drawn on glass, or made of wire 
as actual models, especially when their parts are movable, 
and the extent or place of the illusory effect can be changed 
Indore the eyes of the observer. Many of the figures in 
bradley’s Fseud optics possess this advantage.^ 


^ It has often seemed to the writer that many illusions showed more 
stronjrly iu rough drawings on the blaekboard or on paper, even when the figures 
were so made as to throw the unavoidable iiit'iecuraeies against the illusory 
‘ ibct, than ir the more rigid di; grams of the books. If this is a fact it might 
1"- fine in par to something sini iar to that just mentioned — the actual change 
' f tlie figure i w construction, - nd in p irt to the greater share of apperception 
i * su(*h nmgli diagrams. 

i'or illnsit as depending on irradiation, see Cliap. Vlll. 

<>n the (Joometrical Illusion in general, see Wundt, A, 4te Autl., 11., Ki7- 
'• Uelnaioltz, vl, G. 705 if. ; F . 7‘JO If. (5G2 if.) ; lloppo, A ; Lipps, and Thithy. 
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187. The Tendency of the Eye to Follow Lines and 
Contours. Tlie most important thing in ordinary seeing is 
a clear perception of form, and lines and contours are fol- 
lowed because they are the best key to that perception. 
Lines that are followed by the eye (WnndtAs Fixation 
Lines) are more clearly setui than those that are not, and 
lines lying nearly in the same direction as those that arc 
followed arc favored above those in other directions. It is 
easy to see that this habit of tlui eyes must play a great 
role in the geometrical illusions. This tendency is, how- 
ever, not beyond (amsedous control, and for that reason is 
more difficult to demonstrate by overt ex[)erinientation 
than by casual observation. Any one who will take note ol 
his own seeing when })rcsentcd with objects with strongly 
marked lines, will easily find trace of the habit. Li ima- 
gining geometrical figures also (for example, an eiglit(‘(‘n- 
inch hexagon) something of the s;ime tendency will often 
be found. 

a. Let the observer examine^ the figure bedow for a mo- 
ment, and tlien require him to say how his eyes have 
moved in doing so. 


lie will probably find a tendency to follow the middle 
line of the left figure, and tlie vertical lines of the right. 

h. Paste upon a piece of c. rd board eight and one-eighth 
inches long and four inches wide, two four-inch squcircs <»! 
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red paper in such a way as to cover all the card except 
a white stripe oiie-eightli of an inch wide between them. 
Cover the whole witli a sheet of seini-trans 2 )arent paper, as 
for Meyer’s experiment (Kx. 152 c), and examine the white 
stripe for the effects of contrast. After the examination 
Ikis lasted a few seconds, suddenly lay across the middle 
of the diagram a bit of wdre six or eight imdics long, 
at right angles to the wdiite stripe. If the experiment 
succeeds, the wdiite stripe will instantly show a strong 
increase in the complementary color. Before the introduc- 
tion of the wire, the eye is chiefly engaged in following 
up and down the white stripe, and the contrast effects arc 
confined to those of simultaneous contrast. AVhen the 
wore ai)pears, the eye changes to it and moves back and 
forth along it once or twice, and thus brings upon the 
white stripe the more powerful effects of successive con- 
trast.^ 

Thicry, 112 ; AVallcr. 

188. Perspective Figures. The tendency to see things 
spatially is so inv^eterate that a moderate suggestion of [)er- 
s[)ective is sufficient to introduce diftercncijs in apparent 
distance and so of apparent size. 

(t. Yon Bezold’s Figure. The following figure, after von 
Ilozold, shows the tendency in question sufficiently well. 

It is interesting to observe that the enhirgeme.nt of the 
n'liioUu* figures is not so great as the repn'scuited distance 
would require — that is, the perspective interpretation is 
not effective in full measure. A good cxam])le of this fig- 
nre will bo found in Bradley’s ‘‘ Pseudoptics.” It has also 
ixicn used in advertising. 


* Thin experiment origimites with W.'iller (Journal of Physiology 4, 
r- xliv.), bflt is used by. him for adilfu'.eut purpose. 
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h. Under favoralde circumstances the persp(H!iivc illu- 
sion may cause an apparent distortion of an actual right 

angle. 

This is the case witli the 
lower cross on the left of 
the cube, and the upper cross 
on the right. The recta ngii- 
larity of the crosses is lost 
when the perspective iinpres- 
sion is strong, and vice verm. 
The same effect may also he 
observed when the after-image 
of a rectangular ea-oss is 
jected upon a drawing of a cube. Cf. the distortion of tlie 
rectangular after-image in Ex. 131 b (xx 124). 

On rt, von I^ezoUl, R ; on ?>, James, II., 254 ; Tluery, 317. 

J89. Persx)ective Interx)rotation of Plane Figures. Ccr 
tain arrangements of lines tend, ux>oii very slight sugges 
tion, or even without it, to take on a three-dimCiisionai 
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interprotatioii. This may liaj)peii with oblique lines in 
drawings on paper, but is easier to observe with wire 
models or figures drawn upon glass, where there is less 
to favor a plane interpretation, and with monocular rather 
than binocular vision. 

‘ Prepare models or figures on glass similar to those V)elow, 
place tliem in such a position that they may bo observed 
against the sky or other uniform background, and observe 
with a single eye. 




N /I 


The tendency to a three-dimensional interpretation is 
stronger in A and B than in C and J>. In A and B it 
is the oblique lines, not the vertical and horizontal that 
are affected, at least to an appreciable degree. B is only a 
reduplication of A, but the perspective interpretation of 
the short lines also involves a slight inclination of the 
’• rticals. Tlie figures are almost all capable of two per- 
fective interpretations; in A, for example, the lower end 
the oblique line may be nearer than the vertical or far- 
■e-r away. (Of. the Tkjuivocal Figures of Fxs. 201-203.) 

Tliis tendency to perceive oblique angles as perspective 
' ‘ture^ of right angles is perhaps connected wdth the* ten- 
'^i^y to* overestimate small angles, and underestimate 
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large ones, long familiar to those who have busied them- 
selves with the geometrical illusions. (Cf. Ex. 190.) 
Ilering, A, 579 f., B, 79 f.; Mach, A, 96 ff. 

190. Illusions in the Perception of Angles. Small an- 
gles are relatively overestimated, and large angles relatively 
underestimated.^ 



D 


In A and B slight distortions are found in the horizontal 
lines. In C the circle is llattened at the corners of the 
square, and the sides of the latter are bent inward. In 
the distortion is unmistakable, but probably not due to tlie 
small angles alone. (Cf. Exs. 192 and 195.) E seems at 
first to contradict the principle of the overestimatiou of 
small angles, for the effect is the same in kind as in C, 
when the reverse effect might have been expected. Put. 
Thiery is probably right in saying (366 ff.) that the im-* 
portant condition of eye-movements is different in the two 
cases. In C the eye-movement seems to follow the chord oi 
the arc — in either case it is such that the eye meets burs 
which make a small angle with the one along which il 


» Jastrow (>l,382) considers that all angles are underestimated, both aou ' 
and obtuse, but the obtuse much more than the acute, so that when both ov-< 
together, as they (tomtnoiily do, the effect is equivalent to an overestitiiation 
the small. ' 
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moves. Ill Ey however, when the eye moves along one of 
tlie short lines toward the circle it tends to follow on along 
the arc that would require the least change of direction, 
that is, the one with which it makes an obtuse angle. If 
this is the case, the illusion is one of obtuse instead of acute 
Angles, and the result is in accord with the principle. 

The general case of the overestimation of small angles 
Wundt refers to eye-movements as influenced by adjacent 
lines. In A, for example, as the eye follows the horizon- 
tal line toward its intersection with the oblique lines, it 
.suffers, as it were, an increasing attraction toward the 
oblique line nearest it, and from this results the wrong 
conception of its route. In explanation of the first three 
figures, Helmholtz cites his principle according to which 
acute angl(‘s, being small magnitudes clearly limited, seem 
in general relatively too large, when we compare them with 
undivided obtuse or right angles,” but believes that this 
principle yields in importance to ocular movements, if, 
indeed, it does not itself depend on them. — G. 708 ff. ; 
Fr. 724 if. (5()0 ff.). The explanation of this illusion by 
the tendency to see oblique angles as right angles in per- 
spective has already been mentioned. 

Thiery, StiO ff. ; Wundt, A, 4te Aufl., H., 145 ff. ; Ht^lmholtz, .1, G. 
VcT ff.; Fr. 722 ff. (5(54 ff.); Jlering, .1, 372 f . ; Mach, A, 08; Del- 
A; Dresslar. 

191. Zollner’s Figure. 

ft. Ill this well-known figure the vertical lines, though 
•it'tually parallel, appear to converge alternately above and 
'•‘‘low. They may also show, slightly, the same tendency 
•> leave the plane of the paper that is sometimes noticed 
> the long lines of E, Ex. 189, of which this figure is 
onply^an elaboration. The short lines also show the illu- 
on of Poggendorff (Ex. 193). > 
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b. The illusion is considerably increased when the eyes 
move across the diagram at right angles to the long lines; 
it is diminished or abolished when they move in the same 
direction as tlie long lines. Tlie easiest way of securing 
dehnite movement of tlie eyes in these directions is to 



fixate tlie head of a pin moved to and fro across the dia- 
gram, or to move the figure to and fro behind the fixated 
pin-head. A certain moderate rate of movement, easily to 
be found by trial, gives the best results. Continuous fixa- 
tion of the pin-head is very important. The writer find^ 
some help in bringing the diagram rather near the eye, be . 
within six or eight inches. Notice with the erosswi ‘ 
movement, beside the apparent running of the long lie 
upward and downward (which will be considered in the s 
tion on the visual perception of motion), their inc],iuati 
with reference to the plane of the paper. 
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e. Several otlier points with regard to tlie completeness 
of the illusion have been observed. Most liave obvious 
relation to changes in the movement of the eyes in tra- 
versing the figure. Position of the diagram: Tf the dia- 
gram is rotated in a plane parallel to the frontal plane of 
the face, the illusion is most marked when the long lines 
make an angle of about 45° with the vertical. It is less 
when these lines are vertical, and less also when they are 
horizontal. If the diagram be rotated backward from the 
plane just mentioned about an axis parallel to a line con- 
necting the centres of the eyes, the illusion will be de- 
creased if the long lines have been vertical at the start, and 
increased if they have been horizontal. The size and dis- 
tance of the diagram seem to affect the extent of the illu- 
sion. (Kundt, 121, 148 ff.) Transversals : The illusion is 
usually stronger when the transversals make an angle of 
about 30° with the long lines, but may reach a maximum 
at a smaller angle when the transversals are long. (Hey- 
mans.) It is said to increase with the number of trans- 
versals up to a certain number, but then to decrease. 
Monocular Vision has been found more favorable than bi- 
nocular, and wandering of the eyes than steady fixation. 
On several of these and on other points Zollner, Kundt, 
Thiery, and I ley mans have made (piantitative experiments. 

Explanations of the Zollner figure are numerous. It is 
obviously of the small angle type, and the explanations 
given for the other figures of that class are applied to this 
one also. Helmholtz associates with the overestimation 
of small angles the very striking upward and downward 
‘novements of the long lines observed in experiment h 
■dK)ve. Similar movements of actual objects give rise to a 
‘dill stronger illusion of the same sort. (Cf. Ex. 225.) He 
iiulici^tes also how the whole may be treated under the gen- 
eral prfnciple of contrast — liere contrast of direction. 



222 LABOTIATORY COVliSK JN BSYCIJOLOGY. [l91 


Another explaiuition, origiiuitiiig witli Volkmann ^ and sup- 
ported by the observations of otliers, has recently been 
further developed by Thiery. It is, briefly, that even in 
casual observation tlie flgure is seen i)erspectively — not 
consciously, but in effect. The short, oblicpie liiu's n‘pre- 
sent planes seen in pcrsi)ectivo, each pair of planes tonu- 
ing a roof-like ridge, and each ridge inclining forward or 
backward, as the case may be ; the pair at the left of the 
flgure, for exani])le, form a ridge that inclines forward, the 
second and third one that inclines ba(;kward, the third and 
fourth forward, and so on. The long lines are projected on 
these incliifed surfaces, and are therefore interpreted as 
converging or diverging lines, though their ndinal images 
still remain parallel, exactly as parallel retinal images 
would be interpreted if they liad originated from actually 
converging or diverging lines lying in sloping surfa(*es.^ 
Ifeymans connects the figure with tlie illusion of iMelling- 
hoff and Loeb (Ex. 197 d) and ap])roves its tentative c.lass- 
ifleation as a case of contrast, 'but would not ('X(dude an 
ultimate reference to vividly conceived eye-movements. • 

d. Variants of the Zbllner Figure. 

The figures of l*isco and Ilering are chitdly int(u-esting 
historically. The checker-board flgure, on the contrary, is 
important for the theory of the illusion, for it exhibits the 
Zbllner elTect without the usual short oblicpie lines.” J^'or 
the discussion of this and other figures which do the same, 
see lieymans, B. 


* Pliysiologischo ITiitersuoliiingen im (lebieio der Optik, Leipzig, 18^3, S. 
cited by Ilering, r>80. 

* TbJit no such iindiinition of the planes is seen by the observer until it 
suggested to biin is fully recognized and oven insisted upon by Tbiery. It is "< 
more necessary, however, that the perspective fsictor sliould l)e conscious !'■ 
order that it may iniluence the final form of the perception tlian that tlie p o 
tial tones in a ^te <m a violin should he I'oiiseiously recogiiiziMl b^^aA’o it <* i’' 
be distiijguisheiiiroin a note of the same pitch uii a lljite. Cf. Thii^ry, 1-i h- 

^ See Notes and Suggestions, p. 435. 




llolinhollz, J, (}. 708 ff. ; Fr. 728 ff. (nor) ff.) ; Herinc:, A, 878, 
•71), 7**, 7.7 f., 78 ir. ; A, 8.80 f ; Mach A, 08 ; Wnrult, A, 

•He And., II., 144 ff. ; Zolliicr, A and 77 ; Lip^s, 77, 287 ff. ; Ilcymans, 
77 ; Jastrow, ; 'riiicry, 812 ff., and the literature cited by them. 

’ hy* i^Minlsalon, from LjuIiI’s “ Klemmits of Physiolo^al Psychology** 
‘-'opyrlgut, 188% by Charles Scribner’s Soils). ^ 
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192. Figures Based on Convergent Lines.^ 
a. In A tlie circles are of equal size, but that next the 
vertex of the angle seenis a little* larger. When sucli ;i. 
figure is made on glass the apparent dilTereiice in size may 




1 In many of those figures, though tliore is little or no oonseious tendency 
to a throe-diniensionaJ interpretation, the lines resomhle those of perspe<?tivo 
drawings, and tlio illusions are similar in character. How far the illusion in 
any case is duo to persi>ective suggestion cannot now he said. In the figures oi 
paragraph 6, it can hardly be detected ; in those of a and c,it seems to bo prc'' 
ent. If a distin^ive name were desired for such figures, they mighWhe c:ille*l 
Pertspectiform F^rea. 
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bring about an apparent difference in distance, tlie circle 
lying most remote from the apex of tlie angle seeming to 
lie farther back, lii B the short verticals are of equal 
length, but that at the left seems slightly shorter. For 
the writer this illusion is rather weak and evanescent. 
Such effects are frequent with converging lines. For quan- 
titative experimemts on this illusion see Thiery, 007 ft’. 

h. Trapezoids. Tn trapezoids the short side is overesti- 
mated and the long side underestimated. Tn C the long 



side of the left figure and the short side of the right figure 
are equal, but the latter seems a little longer. This is true 
also of equal spaces marked oft on the hiiiger and shorter 
sides (see F below), but for this last another factor may be 
partly resjionsible. (Cf. fcx. 197.) 



D E’ 


A similar effect is produced on figures lying outside the 
iiapezoid next the short side or the long. In 7>, for exam- 
ple, the trapezoids are exactly alike; but the up|ier one 
(lying next the long side of the lower) seems a little 
'^mailer than the lower (lying next the short side of the 
upper).* In F the same is *true of the o^en distances 
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between the ends of the lines. This figure also shows a 
possible transition to Zollner’s figure, all that is neces- 
sary being the parallel verticals. 

Figure G is so arranged as to add the illusion affecting 
tlie sides of the trapi'zoids to that depending on their po- 

F G 

sition. The short side of the lower figure and the long 
side of the upper are of exactly ecpial lengtli. For quanth 
tative studies of these figures see Thiery, ()()/> f., 67 ff. 

An examination of these figures shows their close rela- 
tion to the Mtiller-Lyer figure of .Ex. 104. 



Herlng^s Figure.^ 


* By permlsHion, from La4l<l*8 Elcinonts of Physiological Psychology” 
(Oopyright, 1887, by Charles Scribner’s Sons). 
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c. In the two figures shown here tlie perspective sugges- 
tion is sonietimes quite strong, the points of coiivergenee 
seeming to lie far in the background. This three-dimen- 
sional suggestion, according to Thiery, affects the parallels 
also, making stmie i)arts of them seem more remote tliau 
otliers, and so leading in tliose parts to overestimation of 
their separation. It is evident, however, that the figures 
can be classed with the small angle group, and the cause of 



that illusion may be res])onsible. in large measure for the 
distortions in this case. Cf. also IMuller-Lyer’s figure, 
Kx. lOJ 

On a, Holtz ; Thiery, 007 IT. On b, Miillor-byer, A, 209 f. ; Thiery, 
005 f., 07 IT. On c, liering, 7?, 74 ; Thiery, 74 f. 

103. Poggendorff’s Illusion. 

In the typical figure for this illusion, A below, the line 
on the left is the real continuation of the lower line at the 
right, and not of the upper, as appears to be the ease. This 
dlusion is strengthened by viewing it from a distance, i.e.‘, 
reducing the size of its retinal image. It is weakened 
' 'r quite destroyed by tiu’uing tlie figure so that the oblique 
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lines are vertical or horizontal. The length of tlie oblique 
lines, the angle at wliiclj they cut the parallels, and the 
separation of the parallels, are all of importance. Foi* 
quantitative studies see Thiery, ooT ff., and Ihirniester. In 
B the three oblique lines are all i)arts of one straight line, 
but do not appear so.^ C is a figure given by AVundt to 



show that the presence of an actual oblong is not necessary. 
The illusion in C is feeble, and j>robably is different in 
amount for different observers; lUirmcster’found it entirely 
reversed in direction (pp. 3/>S, 390 f.). It may even bo 
doubted whether the illusion in this case really belongs to 

1 Figures A and B are taken by periiiisaioii from Laiiil’s “ ElemeJits/jfVhysio 
logical PsyclijQjogy ” (Copyright, 1S87, by Charles Scribner’s Sons). 
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the Poggeiidortf type and is not rather a ease of the Mel- 
linghoff-Loeb figure, Ex. 197 d. In D the oblique line at 
the left, if prolonged, would pass through the point of in- 
tersection of the two lines at the right, but seems to lie 
too low. In E is shown the increase of the illusion with 
decreasing length in the oblique lines. 

roggendortf’s figure, according to Wundt, involves sev- 
eral illusions. The figure is estimated too large in the 
direction of its prominent (vertical) lines, and in this the 
habitual overestimation of verticals helps. When the latter 
is excluded by turning the figure on its side, the illusion 
that remains is to be explained partly by overestimatioii 
in the direction of prominent lines, and partly by ovcresti- 
niatiou of small angles. Helmholtz suggests irradiation as 
a co-operating cause. Thiery connects it with the tendency 
to see inclined lines perspectively, already noticed in Ex. 
189. 

Helmholtz, /I, a. 707 f . ; Fr. 722 f. (564 f.); Ilcring, .1, 672; 
Wundt, A, 4te Aufl., II., 148; Helb(jeuf, C; Dresslar. 

194. The Figure of Mvdler-Lyer. This is by far the 
most important and jnost discussed of recent figures. 

a. The common form of the figure is given in A. The 
horizontal lines are of exactly equal length, but do not 



^^eein so. These figures are closely related to those of Ex. . 
i92 b. Both a and b may be eoneeived as composed of two 
iiapezoids having a side in common (the central line), and 
'* «i<le omitted. In a the short sides are common and the 
'ong omitted ; in b the reverse. They may even be derived, 
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though somewhat arbitrarily, from tlie*figuros of Ex. 192 
a may be reached from Hering*s hgure by extending the 
point of convergence into a liorizontal line and reducing the 
converging lines to four; b from Wundt’s figure by taking 
any four connected lines forming a lozenge and supplying 
the liorizontal. Miiller-Lyer himself connects the hgure 
with the illusion affecting the apparent length of the arms 
of angles noticed in Ex. 199 d. 

b. A Kiimber of Variants of the Muller-Lyer ligiire are 
given in the accompanying cut. 

The variations in A are intended to show that the illusion 
persists when the central lines are omitted; when the oblicpie 
lines do not actually touch the central lines; and, in some 
degree, at least, when no oblique lines are used. ]» is a 
group of geometricail ligures, the first, second, fourth, and 
fifth of which involve a part of the lines of the typical fig- 
ure. The upper half of the hexagon, for example, may be 
regarded as n of the typical figure with the upper oblique 
lines reniov(‘d, and tlio upper half of the ]iext ligure as b 
of the typical figure treated in the same way. Tlio central 
rectangle is added for purposes of comparison. In all tin; 
figures, the horizontal lines at the top and bottom are equal. 
Tf the fine horizontals are taken as central lines, the tirsl 
and fifth figures become examples of b, and the second and 
fourth of a, in the typical figure. C shows the illusion pres- 
ent when curved lines are substituted for theoblicpie lines of 
the typical figure. The figures from 7> to G show the effect 
of changes in the typical figure itself. In T) the horizontals 
are equal, but the excessive lengthening of the oblicpie lines 
has weakened the illusion, — according to Miiller-Lyer, be- 
cause of a strong contrastive effect; cf. Ex. 107. In K tic* 
figures are alike, except in the angle made by the ()l)li(in'‘ 
lines. The angles between the obliques are approximabd y 
120°, 90°, 60°, 30°, and 15°. In F all the horizontals arc. 
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equal, and tlie figures show the usual shortening and length- 
ening with reference to the standard lines beside tliem. If, 
however, the extent of tlie illusion in the two cases is re- 
garded, it is found to be greater in the second case ; i.e., in 
a of the typical hgure. G shows, in the right-hand figure, 
a weakening of the illusion, due to the omission of half of 
the oblique lines. Quantitative studies have ])een made by 
Muller-Lyer, Auerbach, Jleymans, I>inet, van Hiervliet, and 
Thiery (73 ff.). 

Explanations of the Figure of Muller-Lyer. Many ex- 
planations of this figure have been offered. Miiller-Lyer 
himself regards the overestimation in one case, and under- 
estimation in the other, as effects of the areas inclosed by 
the sloping lines above and below the horizontal. Tn a of 
the typical figure these are longer than the line, and cause 
it to seem longer ; in b they are shorter, and cause the line 
also to seem shorter.^ In the fourth figure of A the added 
parallels take the place of the spaces. Auerbach holds sub- 
stantially the same opinion, and that of Jastrow is not very 
different. 

Thiery considers this figure an elaboration of the trape- 
zoid, the illusion being strengthened by duplication above 
and below. The illusion would then be one of the perspee- 
tiform class, and the apparent difference in the length of 
the lines would rest ultimately on a difference of the dis- 
tances to Avhich they are (unconsciously) referred. Thiery 
finds a ground for this difference of the distance factor in 
the different ways in which the eyes traverse the two figures. 


' If this exphination is true, wo ovidoiitly have, not a contrast ell’ect, hut it.' 
opposite — an adjuvant effect — exercised hy one perceptive quantity on another. 
Illusions of this kind Muller-Lyer calls “Illusions of Conlluenco.’’ Umh^r 
other circumstances, as in Kx. 197, lie considers that an actual <M)ntrast i ■ 
present. In /), above, the confluent and c«)ntra8tive tendencies are both pre^^- 
ent. Ill the short-armed flj?ure they eo-oporate ; in the long-arinedj they > 
opposed. (Miiller-Lyer, Ji, 11 IT., C, 4ii3 £.) 
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Some of the other' explanations may be mentioned still 
more briefly. Delboeuf and Wundt have held that the eye, 
in moving along the central lines, tends to follow out upon 
the short lines when they arc outwardly directed, and to 
stop short of the end of the central line when they are in- 
wanlly directed. Heymans also holds an eye-movement 
theory, but of somewhat different form. In discussing 
these and other geometrical illusions, Lipps makes use of 
many msthetic forms of expression, such as liveliness, 
“inner activity,” upward striving,” thus seeming to at- 
tribute the illusory effect to forces ” inherent in the 
hgiires. llis tliought is rather, however, that the illusion 
depends on the meaning of the flgures as perceived things. 
Kye-movements are influential, but the e()ncex)ti()n of the 
figures controls them. Cf. Lipx)S, ./>*, 284 ff. llrnnot has 
Jield that these figures arc like those of Ex. lOf) c, and 
that we do not really estimate the distance from tlie aj^ex 
of the short lines, but from the centre of one group of 
sliort lines to tlie centre of the other, as if tlie x)air formed 
a triangle with an imaginary side. The skilful observer 
Vv’ill very likely fnid several of those tendencies in liis own 
study of the figure, and the cxx)laiuitions are, indeed, not 
totally exclusive of one another. 

Miiller-Lyer, /I, /J, Jind dastrow, vl, 390. )?rontano. Delbomf, 
Wundt, A, U,c Auff., II., 149 f. Brimot; Auerbach; lleynians, A\ 
llinet; Thichy, 07 ff . ; van JJiervliet. 


195. Illusions of Interrupted Extent. 
tnterrux>ted intervals generally seem larger than free 
''itervals. In the first two figures above, the interrnxAed 
‘>^leTits seem larger than the free extents. In E, however, 
' here the intermitted space has but a single dot in the 
‘iddle,^the ])rinciple suffers an exception. B should bo 
garded hinocularly, for monocular observation introduces 
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an illusion affecting the perception of the vertical. C and 
1} are equal and square.^ 

Wundt’s exi)lanation rests on variation in eye-inovcments. 
Ill passing over interrupted extents, the movement of tlni 
eye is made more difficult by the short stages into whic.li 
its course tends to break, while it sweeps with relative 

A 




E ♦ • • • • 

freedom over the empty spaces. The fact that a single 
interruption in the middle of a space has an opposite effe(d, 
is explained by a tendency of the eye, when the middle of 


* The illusion in these squares runs counter to the practice of dressmakers, 
who rocomineiul vertical stripes as a means of increasing the apparent hei^jia. 
The explanation of the Contradiction seems to lie in the dilference of the use of 
the eyes in the two cases. In comparing the squares in height or breadth 
eye is forced to move across the lines of one or the other, and the illusion of in- 
terrupted extent is tlius introduced. In looking at a garment, however, the t'\>' 
follows the most prominent lines, and tends not to cross them. In a vertically 
striped dress, therefore, it is the length of the vertical lines that is the chi'*' 
element In perception. It is probable that in a garment with few and stronjily 
marked transverse stripes the eye tends to move transversely rather than vert ; 
cally, and tliq i>readth of the wearer is more regarded than the heiglit. If, h"" - 
ever, tlie transverse stripes are very numerous, the eye may follow the genci *1 
outlines of the figure instead of the single stripes, and an overestiiftate of ' * 
height again result from the interruption' of the extent. 
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an extent is marked, to take in the extent simultaneously 
by lixation of the middle without motion. For other ex- 
])liinations see Helmholtz, A, G. 705 f. ; Fr. 720 f. (562 f.), 
and Loeb, C. For quantitative studies see Kundt, 128 ff . ; 
Aubert, By 264 ff. j Messer; and Knox and Watanabc. 

Hering, B, 65 ff. ; Wundt, ^1, 4te Aufi., II., 142 f. ; and the litera- 
ture just eited. 

196. Illusions in the Perception of Distances Depending 
on their Direction in the Field of Vision. 

\i. Vertical distances tend to be overestimated in com- 
parison witli horizontal distances. Lay off* by eye on a 
slicet of paper placed vertically before the face equal dis- 
tances, up, down, riglit and left, from a central dot, mark- 
ing the distances by dots as in A ill the accompanying 
diagram. Repeat several times, and measure the distances 
found. The illusion is said to be more marked in large 
figures. 

In all the figures below, , the vertical and horizontal dis- 
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tances are equal, and in all cases, except in the circle, th(‘ 
vertical are apt to seem too greatd . 

Ill D the overestimatioii of the height entails an under- 
estimation of the angles above and below, and an overesti- 
matioii of those at the right and the left. In E the base 
and the altitude are equal, though the latter seems greater. 
The same illusion causes equilateral triangles to seem only 
isosceles. Thiery finds in the latter case (p. 11(> f.) that 
the effect is not absolutely dependent on the vertical, but 
that any side taken as a base seems too short. The illusion 
is less in the line figures, and absent entirely in the circle, 
in \Vundt\s opinion, because in the case of these familiar 
figures perception is influenced by knowledge of the geo- 
metrical relations of the parts; in Thiery’s opinion, because 
the tendeiK^y to give them a perspective interpretation with 
the upper part remote is less developed (see e below). A 
similar, though slight, difference is sometimes found be- 
tween horizontal distances to the right and left, when 
careful experiments are made* with the single eye. For 
quantitative studies of such illusions as these, sec Kiindt, 
K. Fischer, Miinsterberg, and the literature cited by them. 

h. Distances in the upper part of the field are over- 
estimated as compared with those below them. This illu- 
sion may be tested actively as follows : Near the top of a 
strip of paper twelve or fifteen inches long and five or six 
wide, draw a horizontal line about two inches long. Talo‘ 
this as a standard, and draw half an inch below it a secioml 
line of a length that seems equal to the first. Then cover 


1 A .similar ilIu.sion attend.s the vision of many distant objeets. riioto^njp''' 
with hills in the backi'round are often disappointin^^ because the hills .sc* " 
so much lower in the picture than in the actual l.'indscape. An intere.«itiiiff t( 
may be made by requiring a number of persons to make sketches of suob 
landscape, and then comparing with a photogniph taken on th« spot. c:. 
Helmholtz, A, (i. 706 f.; Fr. 722 (564). 



196 ] VISUAL PERCEPTION OF SPACE, ETC, 237 


tlie fust line, and taking the second as a standard, draw a 
third, and so on, continuing this process till the strip is full. 
Then uncover, and measure the first line and the last. With 
this Wundt associates the S’s and 8’s, which seem a little 
smaller at the top than at the bottom when in their usual 
position, but a good deal larger above when inverted, — S 8. 
For similar observations on other letters, see Thiery, p. 
1)7 ff. 

c. The overestimation of distances in the upper part of 
the field seems to result from an uiuionscious allowance for 
greater distance in objects lying in that part of the field. 
We habitually see carpet patterns, figures in tablecloths, 
and similar repeated figures lying in planes parallel to the 
tloor, as of ecpial size regardless of their distance. That 
there is a tendency to such an allowance may be shown by 
tli(^ following experiment : Prepare a frame a foot or more 
s(piare, and stretch across it a set of six or eight parallel 
tln’eads an inch apart. I fold the frame parallel to the face 
before a uniform background, and then tilt it slowly back- 
ward from the face till the threads begin to seem conver- 
gent above. Notice the angle of tilting, and then, return- 
ing to the vertical jxxsition, tilt the frame toward the fac^e 
until tlie threads seem to converge below. It will gen- 
(‘rally bo found that the angle is smaller in the second 
case, unless sj)ecial effort is made to discover the conver- 
gence.. 

For all of the illusions of a and h, Wundt finds an ex- 
]»lamition in the differences of effort recpiired for turning 
the eye in different directions. The superior and inferior 
^'traight muscles are weaker than the external and internal, 
'riiiery’s ex})lanation also depends upon eye-movements, but 
ui a different way. Depression of the plane of vision is 
ncconipanied by increased convergence, and this is associ- 
ated with vision of near objects. The lower part of a fig- 
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ure is therefore likely to be interpreted as if nearer than 
the upper part. There is also a tendeiiey to run the eye 
over siieli figures from below U 2 )ward, wliieh also favors 
the interpretation of the lower parts as nearer than the 
upper. Jjipps regards the overestiniatioii of the height of 
the scpiare as an uneoiiseious allowanee for foreshortening, 
acquired through ])i*eponderatijig experience with squares 
lying in ])lanes inclined with regard to the phine of vision ; 
and Jlering's explanation of the results of Kx. c is the 
same. 

Kundt.. Miinslerbeig, KU f., 175 ff. Wunill, A, 4tn vXiiH., II., KIT 
fi. Ileriiig, R, :J55 f. Ilolmlioltz, A, G. 084, 702; Fr. 097, 710 (54:1, 
559). Thi.M*y, 92 11. Lipps, if, 221. 

197. Contrastive Illusions. 

a. 111 figures like the first and second groiqis below, the 
middle space, angle, line, or circle semns smalhu* when it 
lies between large extents than whmi it lies between small 
extents. 





E 


F 




The figures of the first group were introduced by ISridler- 
Lyer, the circles by Ebbinghaus. With these protiably be 
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the following figure, devised and studied quantita- 
tivoly by Ualdwin. The bar is exactly half-way between 
the circles, but looks a little nearer the larger one. 




Mhller-Lyer seems to hold that the observer compares 
the extents in question with their surroundings as well as 
with, each other. Thiery cites from Classen the general 
statement that ^^the larger, longer, higher, broader the 
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mathematical form of an object appears, the more we have 
reason to regard it as near ; the smaller, shorter, lower, nar- 
rower, tlie more we imagine it at a distance ; ’’ and argues 
that the figures of the group of large extent are interpreted 
as they would be if less reinote than the group of small ex- 
tent, from which fact results the apparent difference in tlie 
parts of the figures which are actually equal. 


h. In a similar way, the sides and bases of parallelograms 
seem to contrast, the tall figure appearing narrower than 
the shorter; and even simple parallel lines seem nearer 
together or farther apart as tliey are longer or shorter. In 
this case, which is the one specially noticed by him, Wundt 
explains the illusion by the strong tendency to move the 
eyes lengthwise along the long parallels, which results in 
an underestimation of the figure in a vertical direction. 

0. Contrast in Curvature, in the following figures from 
Lipps and Ilofler, curved lines make adjacent straight lines 
seem curved in the contrary direction. 

In A there is a slight apparent curvature of the straight 
line connecting the spirals, in B the lines for a half-inch 
either side of the apex are actually straight, but seem 
slightly convex downward. In C the last half-inch on 
either side is straight, but seems slightly curved ui the 
same sense as in B. 
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B 


C 


d. The illusion of Mellinghoff and Loeb. 

In A the lower line of the riglit pair, and the upper line 
of the left, are parts of the same straight line,'but the addi- 
tion of the parallels causes the first to seem a little too low, 
the second a little too high. The illusion is said to be 
lessened when attention is withdrawn from the added par- 
allels. Loeb gives the experiment an active form by hav- 
ing strips of cardboard laid somewhat as in this diagram, 


A 

B 


but has the head fixed, and the strips laid at one side of 
the, median plane. He also gives (piantitative results in 
round numbers. Ileymans (/>, 120 ff.) gives quantitative 
results for the median ])osition. /> is the figure of Mel- 
linghojf (Wundt, A, 4te Anil., TI., 14()). The dots are really 
at the Tevel of the lower line, but seem a little too high. 
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especially when the figure is held so as to make the lines 
oblique. Loeb refers the illusion to spatial contrast; 
Wundt (in discussing Mellinghoff^s figure) to the effect of 
the added parallels on the movements of the eyes in trav- 
ersing the diagram. It seems possible, however, that^these 
views need not exclude each other. 

Miiller-Lyer, /?, and C; Thidry, 83 ff. ; Wundt, yl, 4te Aiifl., 
II., 140 f. ; Baldwin; Aubcrt, ^1, 629; Lipps, il, 300; Ilolliir; Loeb, C. 

. 198. Contour Illusions. When one side of a quadrilat- 
eral figure is removed, the figure seems too long in the direc- 
tion toward the side removed, and too short in the other 
direction. In the figure below, the three-sided squares seem 
too long in a horizontal direction, too short vertically. The 
reverse is the ease with the sjiace between them, which is 
also a square of equal size. 


The explanation given by Muller-Lyer for this illusion 
is douVde. The open-sided squares seem too long in the di- 
rection of the open side, because a certain portion of tin' 
free space is included in the estimate (illusion of conflu- 
ence) ; and, like the parallelogram of Ex. 197, they seem 
too small in the other direction because they seem too long 
in this. 

When the circumference of a circle is interrupted, the 
remaining arcs seem too flat to belong to a circle of su(d> 
radius j so also a semicircle seems like an arc of a* greak 
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circle of less than 180^ extent. Closing it by drawing the 
diameter makes it seem smaller. 


# 








This illusion Miiller-Lycr connects with his typical fig- 
ure by a transition through the next figure below, the chief 
dilfercnc.e being that the central line is now curved instead 
of straight. 

The short, straight lines tend to shorten and bend one arc, 



and lengthen and flatten the other. Tf short arcs of the 
same radius as the central ones are substituted for the short, 
straight lines, and then are rotated till they form a contin- 
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uatioii of tJie middle arcs, they will still produce the usual 
effect. From this would result the general principle, that 
every portion of an arc infiiicnces the form of every other 
portion, in the direction of contraction in the complete circle 
and large arcs, and of exi)ansion in arcs of less than 180°. 
It is clear to casual observation that tlie diameter of a circle 
looks shorter than the side of a square of equal breadth. 



Wundt holds that the small arcs seem flat, because the 
movement of the eye in following them is not very remote 
from that for following a straight line. 

Miiller-Lycr, .1 and C; Wundt yl, 4te Aufl., II., 149, 152 ; Lipps, 
B, 232 f., 290. 

199. Miscellaneous Geometrical Illusions. Under this 
head are gathered a number of illusions, some of wliicli can 
be explained more or less easily as variants of forms already 
considered, others that can only be brought into line with 
difficulty, and still others which depend on clearly different 
causes. 

a, Hing Segments. In both A and B the upper segmenfc 
seems smaller, though all arc of precisely the sanie size. 
The illusion is even more striking when the segments are 
cut out of cardboard, and can be shifted about and actually 
superposed. This illusion is probably a special case of the 
trapezoid illusion (Ex. 192 h), and, like that, is related to 
the Zbllner figure, the transition to wliich is shown wi U, B 
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and K Wundt denies the explanation based on this rela- 
tion to the Zbllner figure, asserting that if this were the 
case, the effect ought to be the xeverse, i.e., the upper seg- 
iiieiit sliould seem larger, and gives in proof in which the 
upper curves seem a little larger.; but he evidently has only* 
considered the curves, and not the straight lines at the ends 
of the segments. His own explanation, while regarding 



eye-movements as a primary cause, lays considerable stress 
on the reference of the segments to the same centre. 

Concentric (fircles. The inner circle in the figure at 
the left and the outer in the figure at the right are of 
exactly equal si/.e, Init the latter seems smaller. 

In the opinion of DelVueuf, who introduced the figure, 
^he illusion dejiends on the interference of the extra circles 
\vith tfie measurement of the diameter by the eye. In the 
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riglit figure the inner circle holds the eye back, as it were, 
and in the otlier tlie outer circle draws it on. Wundt’s ex- 
planation is here, as in the; case of tlio parallel lines of Kx. 
197 by the underestimation of distances in directions op- 
j)Osed to the cliitd tendency to nioveiiient. The eyes tend 
to follow the ])arallel circumferences ; and this causes Under- 




estimation of the distance between them, making the larger 
seem too small and the smaller too large. If tins tendency 
to movement is op{)osed by a Ibcation mark in tlie centre, 
he finds that the illusion disappears, as in the case of the 
space broken by a single central dot in Kx. 195. Thiery 
offers a perspective explanation, and Loeb attempts one 
resting on differences in ac.com modat ion. 

o o e-e 

e. Dumbbell Figures. In this figure, also from Del 
Ixeuf, the distance between tlie adjacent edges of the lcf< 
pair of circles is the same as that between the rcnioti 
edges of the right pair, though the latter looks consider 
ably less. The illusion has been given an active for* ■ 
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(Hopkins) by placing three like coins close together in a 
row, and then requiring that the middle one bo moved 
away at right angles from the others till the distance 
between- its edge and that of either of the others shall 
be equal to tlie distaiu^e of the remote edges of the other 
two. This has been done exactly in the right ligure below, 
but to most observers the distance will set'iu too gr(‘at. Jt 
will also be noticed that the free space Ix'tween adja- 
cent circles in the right figure seems larger than ^he Jiiiddle 
circle in the left figure. 

o 
o 

The illusion belongs to the type of Muller-fjyer’s figure; 
and I)elb(Kuf’s explanation, as for tliat and for the con- 
centric circles, is that in one ligure the eye is diawn on- 
ward beyond the central line, and in the other falls short. 

d. Illusions Affecting the Sides of Angles. In A the 
oblique arms of the two angles are of equal length, but that 
of the obtuse angle seems longer, lii />*, however, though 
the oblique arms are again equal, that belonging to the 
smaller angle seems longer. A originates with JMuller- 
Lyer, who would explain the illusion on the same principle 
as his typical figure, parts of which these may be conceived 
U) be. B was devised by T..dska as a counter argument. 
Muller-Lyer’s reply is, that the character of fhe ligure is 
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such as to give the effect of another (imaginary) line, that, 
namely, wliicli would connect the free ends of the oblique 
lines. Such a line would form an obtuse angle with the 
oblique line on the right, an acute angle with that on the 
left, and consequently tend to lengthen the first and shorten 





the second, which would cause the reversal of the illusion- 
C' is a figure used by Lipps against Brentano’s explanation 
of Muller-Lyer’s typical figure, and is interesting in seveni 
particulars. All the lines except those that end free 
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of equal length ; the four that end free, though shorter 
than the rest, are equal among themselves ; the angles 
between the oblique lines are right angles. All the lines 
adjacent to obtuse angles appear too long, those adjacent 
to the acute angles too short, and the central horizontal 
seems lojiger than the equal space between the inward 
turned ends of the ui)per pair of short lines. 



e. In this figure, from Lii)ps, the five central lines are 
equal and parallel, but those with the short horizontal arms 
seem longer and more nearly horizontal than the others. 
Lipps uses the figure against the universality of the prin- 
ciple of the underestimation of obtuse angles ; but to the 
writer, the lack of parallelism seems due rather to a ten- 
dency to judge the direction from the trend of the line 
groups as wholes, instead of from the particular lines to 
be compared. The difference in the length of the lines 
would seem related to the contrastive effect shown in 
Ivx. 194 h, Fig. n. 

/. In the figure at the left, though both lines are equal. 
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the vertical seems longer, as in the figures of Ex. 19(). In 
the figure at the riglit, however, the vertical seems sliorter, 
apparently, because of the single division of its length, as 
ill Fig. E of Ex. 195. 



g. Effect of Prominent Lines. The figure at the left is 
simply Poggendorff’s figure in the horizontal position, and 
-the illusion is of the usual character. In the figure at the 
right, however, this illusory effect has not only been neu« 
tralizcd, but actually reversed, by the change fiom the 
single pair of horizontal parallels to the more numerous 
vertical parallels.^ 

This change Wundt is inclined to connect with the broad- 
ening of the figure by the division of the s])ace (cf. Ex. 195); 
but Jastrow and 'Phiery with greater ])lausibility refer it to 
the fact that the angles in the right figure are obtuse. The 
liorizontals are indicated, indeed, by the ends of the verticals, 
but are inferior in effect to the verticals actually present. 

]t. The Divided Triangle. The horizontal division line 
of the triangle, though jdaced at exactly half the height 
of the figure, seems too high, an illusion which, as Thierv 
points out, the ty^e-founders have regarded in the cajiital 
A. The illusion holds witli possibly greater effect when the 
horizontals are replaced by concentric arcs. For quantita- 
tive results on the division of the triangle, see Thiery, 94 ^ 

^ These figures Hre taken, by permission, from Ladd’s “ Kleinentf; »- 

logical Psychology ” (Copyright, 1887, by Charles Scribner’s Sons). 
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i, Laskii’s Figure. The sides of tlie angle in this figure 
are equal, but are made to seem unequal 
by the setting of dots at unequal dis- 
tanees from them. Laska offers no ex- 
])lanation for this illusion. Thiery and 
^rnller-Lyer regard it as akpeiual ease of 
the eontrastive illusions (Fx. 197, above). 

j. Adjacent Figures. In A th(^ adja- 
cent curves cause a slight illusory curvature of opposite 
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direction in the parallels between them. This figure might 
therefore be regarded as an example of the contrastive 
group. Ill B tlie circles flatten each oilier. The inscribed 
ellipse distorts the sipiare in the direction of its long axis, 
but the circle in the direction of the short axis. 


k. There is a certain tendency to see lines lying nearly 
in the visual plane, and directed toward the eye, as short 
vertical lines lying in pianos nearly perpendicular to the 
visual plane. In the diagram above, the lines are alMli- 
rected to a point eight or ten inches below the botl/nn o' 
the diagram. When the eye is bi^ought to that point, tlj»' 
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lines can be seen with a little effort as short lines nearly 
perpendicular to the surface of the page. 

L In the parallel columns below is shown another well- 
known illusion : — 

In these two columns the typo is 
of exactly the same size. On this 
side, however, it is set “ solid,” and 
looks smaller than on the other. 

Aeconliiij? to Wundt, this is be- 
cause the eye passes over the same 
number of letters in a shorter 
course. 

On a, Miiller-Lyer, A ; Wundt, 4te Aufl., II., 151 f. ; Thicry 
0011 f. On 5, D(dbo‘uf, ]l and C; Wundt, A, 4te Aull., II., 140 f. ; 
Thicry, 108 f. On c, Dclbauif, C ; Thicry, 110 ff. On d, Miiller- 
I^yer, A and ll ; Laska ; Idpps, A. On c, Lipps, A. On/, Bradley’s 
rseudopUcs. On y, Wundt, yl, 4te Aufl., II., 149; Jastrow, A; 
Thiery, 309 f. On /i, Thiery, 94 ff. ; Bowditch. On i, TiUska; Thiery, 
84 f. On.;, Wundt, A, 4te Aufl., TI., 150 f. ; Lipps, JI, 253, 290, IT. On 
A-, Christine Ladd Franklin. On f, Wundt, A, 4te Aufl., II., 150. 

200. The Geometrical •Illusions witli Unmoved Eyes. 
Several of the illusions considered above are weakened 
when eye-movements are excluded. This may be done by 
fixation of the eyes, somewliat better by getting the figures 
as after-images, and most satisfactorily of all by instan- 
taneous illumination. Try the effect of steady fixation on 
the figures of Ex. 101. Tlie after-image method may be 
tried on tlie Zdllner figure (first figure under Ex. 101), 
which can be made to give a strong after-image as it 
stands, and on any of the other figures by cutting them 
as narrow slits in cardboard, and then viewing them 
against a bright background. The method of instantane- 
ous illumination may be tried on any of the diagrams 
with tlie dark box and photographic shutter. 

Th« fact that many of these illusions are still present in 
a certain degree when movements of the eyes are excludedj 


Here the lines are ” leaded ; ”i.e., 
have greater space between them. 
Is it not possible that tlie effect is 
based on the greater geiu^ral white- 
ness in this ca.so and blackness in 
the other? 
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does not necessarily demonstrate that any part of them is 
of non-motor origin. As has already been shown in Exs. 
172 and 17o, the experiences of tlie eye in motion are re- 
tained, and ap])lied to its perceptions wlien at rest. 

Helmlioltz, d, G. 700 ff.; Fr. 725 ff. (500 ff.); Wundt, d, 4te 
Aufl., ir., I:i0; Thii*ry, 328 ff. 

Equivoc^al Fi(;ijres. 

In the (loometrical Illusions tlie immediate cause of the 
illusory perception seems to lie in some peculiarity of the 
figures tluunstdves. In the Equivocal Figures, on the con- 
trary, the varying ])erceptions or interpretations seem to 
dep(‘nd more immediately on varying central or apperce])- 
tive conditions. 

201. Plane Figures. In A and B the black and white 
figures are precisely alike, except in position, and either 



may be taken as background for the other. With Irfic 
change of background a change of mental attitude, is ii’ 
volved, depending in part on this change, and in part on 
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the new axis of symmetry in the subordinate figures — 
horizontal in A, and vertical in B, if the ground is black j 
exactly reversed if it is white. Something similar happens 
in C, which may seem a star made up of interlacing lines, 



O 

O 

o 

o 

o 


o o o 
o o o 
o o o 
coo 
o o o 


two superposed triangles, ©r a hexagon with six little tri- 
angles adjacent. In I) the twenty-five circles of the square 
may be grouped among themselves in many ways : a single 
square of circles; five vertical or horizontal lines ; two con- 
centric squares and a central circle; an eqnal-armcd cross 
tilled out with four squares of four circles each, etc. A 
little self-observation will probably show that the change 
of mental attitude leads at once to a change of eye-move- 
incnts, often merely inci])ient, by which the new patterns 
are followed out. 

Mach, A, 44 ff., 87; von Bezohl, 253; James, I., 442 f. 

202. Diagrams with Equivocal T^erspective. In the ac- 
^ompanying figures it is the interpretation of the space 
r«*1atiqns of the parts of the figure that changes. E repre- 
sents a half-open book, and may be seen both concave and 
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convex, the former probably .being generally seen first. 
F is a glass tumbler seen from the top or from the bottom ; 
occasionally also it may appear bent, so that both top and 
bottom are turned toward the observer. In G the curved 
lines are subject to interpretation as concave at the right 
and convex at the left, and vice versa, II is a triangular 
pyramid, of which the longer side is either nearest the 
observer or farthest from him. It also has two other 
interpretations; namely, as a quadrangular pyramid looked 
at from its apex, or a hollow quatlrangiilar pyramid seen 
from below : the diagonals of the figure then appear bent 
tOAvards the paper on either side of the apex. I is the 
figure known as ^^Necker’s Cube.^’ Kotice the change in 
the position of the diagonal as the cube takes one posij-ion 
or the other. Also that the farther side is always a^little 
too large. The inexactness of perspective from which the 
latter comes (both squares are of the same size) favors 
a double interpretation of the figure. When the perspec- 
tive is correct the inversion is more difficult. (For beha- 
vior of this figure by flash illumination, see Aubert, A, 618.) 
/is a set of perspective cubes, which appear three in the 
lower row, two in the middle, and one on top ; or two in the 
lower row, three in the middle, and two on top. This 
figure is evidently a reduplication of Necker’s Cube. K 
represents a pair of intersecting planes, with the line of 
intersection nearly perpendicular to the paper, or nearly 
parallel to it. L is ^^SchrddeFs Stair Figure.’’ It gene- 
rally appears first as the upper side of a flight of steps ; 
with some effort, however, it may be seen as the under 
side of such a flight, or the overhanging portion of a walk 
Wundt states that if the eye follows the oblique lines of 
the figure in the direction h a, the first form is apt to lx 
brought in ; if in the direction a b, the second. , Th 
figure is eviJiently a reduplication of E, M represent 
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part of a narrow carved frieze. The little figures that 
compose it appear depressed or elevated. With some diffi- 
culty a part may be held as depressed while the rest are 
, elevated ; buti the result is unsteady, probably because we 
' are less accustomed to a mixture of figures in such decora- 
tions tlian a repetition of tlie same figure. N is similar to 
M, but introduces light and shade. Changes in the posi- 
tion of tlie figure with reference to the source of illumina- 
tion generall}'^ involve a change from convexity to concavity, 
or vice versff. (^f. also the stereoscopic figures given below, 
many of w'hi(ili are capal)le of doulde interpretation when 
viewed moiiocularly. 

All these perspective figures have, of course, an inter- 
mediate interpretation as plane ffigiires, though this is 
sometimes liard to liold after experimenting with tie trU 
dimensional interpretations. Some of the changes of form 
are at first a little difficult for some observers, but once 
gotten are easier to get again. Turning the diagram up- 
side down is somet.ijm*s helpful.* Loeb ports that moving 
It slowly to and from the (*ye. causes the figure to (diange 
/bm iVi and forth, and Mach finds the changes brought about 
j by slow vertical niov^ements. The Schroder figure is caused 
to change by vividly conceiving tlie ])lane a as nearer than 
h. It is likely tluit these methods bring about changes in 
accommodation, or in the way in which the eyes follow out 
the figure. JIow far these perijdieral changes would be 
effective by themselves, or how far aj)])erceptive changes 
^without jieripheral expression would bo effective, cannot 
now be said. 

Notice that in all the figures changes from one interpre- 
tation to the other are invariably accom])anied by other 
changes of greater or less extent in the position and dimen- 
sions of the lines, angles, and surfaces of the figures. , In hi 
for example, when the figure is convex (the middle line 
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nearer the observer tlian the rest), all the vertical lines, 
incline, if at all, toward the observer; when the figure is 
concave, they incline backward, and are longer. The rela- 
tive length of the sloping lines at the top and bottom may 
also seem to change slightly. It is interesting to notice, 
with Ma(di, that of the infinity of possible figures which 
could give these diagrams as geometrical projections, only 
a very few extremely definite ones appear in perception. 

Jlclmholtz, A, G. 770 ff. ; Fr. 795 ff. (620 ff.); Wundt, A, 4te Aufl., 
11., 199 f. ; Mach, A, 94 ff., 7i, 405 ff., C; James, 11., 253 ff. ; Lange ; 
Loeb; Hoppe, A and R ; Brewster; Sully, 95 ff.; Beaunis, 11., 569 ; 
Thiery, 318 ff., 77, 79 ; Wheatstone, A, 381 f. 

203. Equivocal Eigiwes of Three Dimensions. An in- 
versi^i similar to that observed in Ex. 202 can be seen 
with real objects when conditions are favorable. A simple 
experiment may be made with a visiting-card bent in the 
middle so as to enclose an angle of about 120°, which gives 
a figure resembling K abqve. Set the (?ard with the fold 
vertical on a table, where the light will fall parallel to one 
sid(i, thus obviating the cross shadows in part, and look at 
it from a distance of a couple of yards with a single eye. 
The card, like K, may be seen either concave or convex. 
Notice in this case, as in Ex. 202, the change of dimension 
und position that takes place when the figure is changed 
from convex to concave. Notice, also, that when the card 
is scjMi in its illusory form (convex when it is really con- 
cave, or vice versa), the shadowed parts seem a d(‘eper gray. 
Mild thfk illuminated jiarts a brigliter white, than when the 
whole is seen correctly. The writer finds the experiment a 
little easier wdum the card is on a rather low table and he 
observes standing, the card then having the top of the table 
as a uniform background. 

Very fine effects are given by casts of objects in shallow 
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•relief, either in intaglio or cameo form. In these cases the 
nature of the object represented is said to be important, 
letters, numerals, and geometrical tigures turning easily 
either way, but natural objects, human and animal forms, 
and especially faces, turning easily from concave to convex, 
but with difficulty, if at all, from convex to concave. Com- 
pare, for example, the ease of seeing the concave mask in 
Ex. 184 a in convex form with the difficulty of getting a 
convex mask to appear concave. 

Most of tlie authors enumerated under Ex. 202 discuss these cases 
also. 

Binocular Perception op Space. 

The perception of relief, or the •third dimension of ob- 
jects, is considerably improved by vision with two ,eyes. 
This depends, as will be shown in experiments below, upon 
the difference in tlie aspects seen by the two eyes, and tliis, 
in turn, on the separation of the eyes. It is clear that 
the difference in aspect will be important for near objects, 
and unimportant for remote oiu^s. For distances greater 
than 250 metres it is, by calculation, practically nothing, 
and for -distances considerably less than that must be of 
little influence. 

204. The Intcrocular Distance. To determine this dis- 
tance, select a distant fixation point, e.g., on the horizon, 
fix the eyes upon it, and hold at arm’s length before the 
face a pair of sharp-pointed dividers opened an inch and 
a half at the tips. These will appear slightly blurred and 
double, like a pair of V’s side by side, —V V. Still main- 
taining the distant fixation, gradually spread the dividers 
till the inner points of the double V just touch, and the 
whole becomes a W. Becord the separation of the points, 
and repeat the measurement, beginning this time with the 
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tips separated three inches, and gradually reducing the dis- ♦ 
tance till the W is just formed. Try an equal number of 
times each way, and average the results. If the fixation 
has been carefully maintained, the separation obtained is 
the interocular distance. Le Conte recommends the use of 
slightly convex spectacles in order to obviate the blurring 
of the images. Verify the determination by making in a 
caret two fine pin-holes separated by the interocular dis- 
tance found. Ilolel this as close to the eyes as possible, 
bringing one of the holes before each eye. If the determi- 
nation is correct, the two holes will fuse into one, when the 
eyes are again directed to the distant fixation point. Care 
should be taken, however, not to bend the card while test- 
ing, as this changes the separation of the holes. The aver- 
age distance is given by Stevens as a little under 64 mm. 

Le Conte, A, 230. 

205: The Binocular Field of Vision and the Binocular 
Field of Ilegard. The portion of visual sjiace within 
which binocular vision is possible at any instant is rela- 
tively small, and that Avithin which the binocular point of 
regard may lie is still smaller. 

a. The Binocular Field of Vision. To draw this field, 
arrange the head-rest of the campimeter in such a position 
that the lines of sight may tall perpendicularly in their 
primary position on the vertical plane of the instrinnent, 
:nid the eyes may be about 10 cms. distant from it. Fasten 
a shett of jiaper on the plane, and mark a fixation point 
for each eye immediately in front of each. Close one eye, 
tix the other upon its mark, and, keeping the eye and head 
.steady, dot the proj'ected outlines of the eyebrow and nose 
as seen in indirect vision. It Avill be found convenient to 
bring the point of the pencil in from outside the field, and 
fix points a half-inch or more apart. Kepeat the pro- 
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f 

cess with the conditions of the eyes reversed. A rough 
outline of the held required will thus be obtained. 

b. The Binocular Field of Regard. When the eyes are 
used singly, each can be brought to hxate practically all 
the binocular held of vision; but the part within which lie 
the points that can be hxated by both eyes at the same 
time — the binocular held of regard — is somewhat smaller. 
This restriction is most, marked for distant points in the 
lower part of the held because of the tendency of the eyes 
to converge as the lines of regard are depressed. 

Fixate a distant spire or chimney, and, while maintain- 
ing the hxation, throw the head ‘backward till the lines of 
regard are as nearly parallel to the face as possible. The 
hxated ‘object will appear double, and closing one eye or 
the other will show the images to be such as accompany 
convergence of the eyes ui)on a point nearer than the obj(‘ct 
hxated. Cf. Ex. 208. A still easier way, suggested by 
Hering, is to hold a mirror close to the body, and at such 
an angle as to give an image pf the distant object nearly 
vertically below the eyes. The attempt to hxate has the 
same result as before. It is important to steady the head 
to prevent its bending forward so as to give the eyes an 
easier position. 

JTering, A. 442 ff. ; Aiihcrt, A, 609, 063 f. ; IlelnilioIU, A, G. 642; 
Fr. 627 (484); Kirschiiiann, 458. 

206. Tndistinguishability of the Combined Fields. It is 
often nearly or quite impossible for an observer with 
null eyes to tell which eye is all'ected when a change is 
made in one of the superposed helds. Try with two tulH‘s 
of equal bore, looking tlirough one witli each eye toward 
the sky or other uniform background. Adjust the tubes so 
that the circles of light combine into a single binocular 
linage. When they are exactly combined) have ah assi^'’ 
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ant thrust a peiicil-poiut before one of them. It will be 
impossible without closing one eye to tell whicli lield has 
been entered. If the eyes are not alike, if they differ, for 
example, in focal adjustment, or in degree or dire(;tion 
of astigmatism, means for discrimination will be present. 
Helmholtz liiids in some cases a more or less uneonscious 
differentiation of the fields when the needs and habits of 
vision favor it, and a number of the subjects tested, in a 
different way, by Schbn were able to tell which eye was 
illuminated. Cf. also Ex. 218, and footnote appended to it. 

Rogers, C ; Helmholtz, A, G. 893 f. ; Fr. 938 f. (743 f.); JSehun, />*, 
83 f., C, 01 IT. 


207. Binocular Direction. Each eye reeeivi's its impres- 
sions for itself and from its own station ; but in ordinary 
vision, at least for points near the point of regard, the im- 
pressions of both eyes are united, and objects arc perceived 
as if seen by a single eye midway between the other two 
^ — the Cyclopean Eye of Hering. It is from this iiK'dian 
(^ye that binocular direction is taken. ^ A line drawn from 
the centre of clearest vision in this imaginary pye to the 
point fixated is the Binocular Line of Reyard. 

Make a pin-hole in the middle of a large sheet of j)ai)er. 
Hold the paper as close as possible to the eyes, and, be- 
ginning with the pin-hole at the extreme right of the visual 
lield, move the paper slowly across the face. The ])in-hole 
will seem to come up to the median jilane, and to pass 
awaJI at the extreme left, to be succeeded after an in- 
stant by a second pin-hole that repeats the same course, 
'f he impressions of the eyes singly are referred one after 


^ Schon gives oxperinieiits to show that objects at the right an<l left of the 
I'oitit of regard take their direetion from th4 ©ye on their own si<le of the head. 
In the lij^ht of the experiments of liOeb (/i), however, the matter seems to me 
dill imcertain. Cf. Kx. 180. 
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the other to the cyclopean eye. For other simple experi- 
ments on this point see Helmholtz, Hering, and Wundt at 
the places cited below. 

Rogers, A, 326 If., C ; Helmholtz, A, G. 756 f., 894 f.; Fr. 777 f., 
9.39 f. (611 f., 744 f.); liering. A, 386 If., 540, B, 28 ff., 39 If.; 
Wundt, ^1, 4te Aufl., II., 175 ; Le Conte, A, 223 ff. 

208. Single and Double Images, a. Hold up two fingers, 
one about a foot, the other about two feet, from the eyes. 
Fixate the nearer linger; it will be seen single, and the 
farther one will appear double. Fixifbe the farther one^ 
and it will be seen single, while the nearer appears double. 
Fixate the nearer finger again, and close one eye. The 
image of the farther finger on the same side as tlie closed 
eye will disapxiear. Fixate the farther finger, and rex)eat 
the experiment. The image of the nearer finger on the 
side opposite to the eye closed now disappears. 

The double images in the first case are called ITomonn- 
mous^ or TJnerossed Images ; in. the second, lleterongnious^ 
or Crossed Images. The homonymous images in this case 
belong to the nasal halves of the retinas, and the heterony- 
mous to the temporal halves, as can easily be seen from 
diagram A, in which L and Tt represent the left and riglit 
eyes respectively, h represents the fixation point, a a point 
more remote, and c a nearer point. The accented letters 
show the place on the retinas on which the images of the 
corresponding unaccented letters lie. 

This ]>articular retinal distribution is not a neo#sary 
characteristic, however ; for images may be homonymous 
or heteronymous, and yet belong to the nasal half of oiit^ 
eye and the temporal half of the other, as shown for the 
points a and c in diagram B (after Hering). Roughly 
speaking, any point inside a circle passed through the [)o*int 
of regard and the optical centres of the two eyes will be 



208 ] VISUAL PERCEPTION OF SPACE, ETC. 265 

seen in heteronymous images, and any point outside in 
homonymous images. The nature of this circle is consid- 
ered more fully in Ex. 210 and in Appendix II. 

h. Double images, when both lie at one side of the point 
of regard, are not equally well perceived. That belonging 
to the eye on the same side being more distinct, and often 
taken as real, while the other seems illusory. 



Fix the eyes on a distant object, and hold vertically a 
little to the right of the right line of regard, and about six 
indues from the eye, a strip of paper a centimeter wide and 
six or eight long, arranging it so that both images shall be 
projected against a uniform background. The image near- 
est the point of regard will be seen without difficulty ; the 
other will be hardly discernible, and will often disappear 
entirely in rivalry with the part of the b iekground seen by 
the corresponding part of the right eye. In this case the 
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images arc lieteroiiymous, and the strong image belongs to 
the nasal half of the right eye. 

Kepeat the experiment, this time fixating a pencil-point 
liehl about six inches from the eyes, and bring the i)aper 
slip up 15 -20° to tiic right, and six or eight inches far- 
ther away than tlie ])encil. In this case it is the image 
nearer tin? point of n^gard tliat is faint or succumbs. Tlic 
stronger image belongs, as liefore, to the nasal half of the 
right eye. 

Repeat either of the experiments just made, and observe 
which of the images it is that seems to Be real and held in 
the lingers. A slightly increased pressure of the lingers 
will probably increase the deliniteness of the sensation in 
question. 

In general it is the nasal images that dominate; and 
this, too, it is said, whether tlie images are separate as in 
these experiments, or combined to a single image indirectly 
seen. See Kx. 218, footnote. For other conditions inllu- 
encing the jierception of double .images, see Ex. 220. 

Helmholtz, .1, G. S41 ff. ; Fr. 877 ff. (CDo IT.); Wundt, .1, 4t(i 
Aufl., II., 178; Ileriiig, ^1, .‘}t)7, Y24 f. ; Le Conte, vl, hii ff. ; I8(.*h6n, 
A^ il, and C. 

209. Corresjionding Points. The phenomena of single 
and double vision raise the (piestion of the relative location 
of the retinal points in fumdion in the two cases. The 
somewhat full terminology of Wundt will assist in making 
the.se matters clear. He distinguislies live sorts of points 
(4te And., TI., 178 f.) : (1) Identical Points are points that 
would exactly coiiudde if the retinas were superpo.sed ; 
they might be called geometrical or anatomi(*al correspond- 
ing points. (2) Coreespondinfj Points are points whost' 
stimulation normally gives rise to single vision. (8) yls- 
sociate Points (^DeckjmJikte) are those whoso stimulation 
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ill a given c&ise gives rise to single vision. (4) Dlaparate 
Faints are non-identical points; and (5) Dissociate Faints 
(Dappelpnnhi are points Avliose stimulation in a .given 
case gives rise to double images. Tlic dissociate xioints 
tliiis stand over against tlio associate points in the same 
way as the disparate over against the idcmtieal. To make 
the list of terms complete, a set of Non-Corrcsjmtulinfj 
Faints might also be distinguished. l>oth the correspond- 
ing })oints and the associate points are in most cases 
practically <5oincic|ent with the idonticarl points, and the 
dissociate with the disparate. 

Corresponding points should not be regarded as anatomi- 
cally lixed, but rather as physiological })oints with a cer- 
tain range of co-operation. I'anum’s view of them 41 s 
retinal sensory circles,’’ the central ])oints of which when 
simultaneously stimulated vinst give rise to single vision, 
and the peri])horal zones of which mot/ under appropriate 
circumstances do the same, is in accord witli the facts. 
Where exactness of location is important the experiment 
must be so arranged as to reduce the range of co-operati#n 
as much as possible. Cf. Ex. 220. 

o. Corr(\s])onding Points are in general similarly situ- 
ated in the two eyes. A rough demonstration may lie 
made as follows: Prepare two exactly like figures sepa- 
rated from centre to centre by the interocular distance, 
drawing one figure in red, the other in black, to liinder 
fusion, e.g., a set of concentric circles overlaid by a rec- 
tangular cross. Combine these ligures binocularly with 
the haploscope, or in any otiicr convenient way, fixating 
the centn's of the figures, and observe tliat they coincide 
throughout, or with only slight deviations. 

For accurate methods of determining the location of cor- 
responding }x)ints, see TTelmholtz, A, G. 844 ff. ; Er. 880 ff., 
(698 ff.) ; liering. A, 855 ff. 
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b. Slight Deviations from exact similarity in the ar- 
rangement of the corresponding points are found in many 
eyes. The most important of these is that affecting the 
position of the meridian of the apparent vertical, which not 
only varies from subject to subject, but is liable to a cer- 
tain variation in the same subject within short intervals. 

Arrange the haploscope for parallel vision, and fasten 
upon the diagram board two circles of cardboard in siicli 
a way that they may be rotated about tlieir centres. Tlie 
diameters should not exceed the interocular distance, and 



their centres should be separated horizontally by exactly 
that distance. The lines on tlieir surface should be ar- 
ranged as in the cut above. 

Adjust one of the disks so that its lines are vertical ; 
then combine the central lines of both disks binocularly, 
and adjust the second disk till the outer lines in the com- 
bined image seem exactly parallel, taking pains that the 
plane of vision shall be approximately in its primary posi- 
tion. When the position of the disks is examined, it will 
generally be found that the lines converge slightly below. 
Try, also, when the lines of one disk are set horizontal and 
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those of the otier are adjusted at right angles in the com- 
bined image. 

c. The Iinpi3ssions uijon Corresponding Points are gen- 
erally inseparible. Stare fixedly with botli eyes at a small 
gas flame or »'ther bright object till a strong after-image 
lias been secired. Then holding a page of x>iint before 
the face, convjrge the lines of regard upon a point before 
or behind it or with tlie finger-tip gently pusli one of 
the eyes out of its normal position. The images of tlie 
])riut will doible, but the after-image will remain single. 
Tlie aftcr-imfges in the two eyes rest, of course, on corre- 
sponding points, and their retinal position is unafFected by 
the movements of the eyes, while that of all other objects 
is changed.^ 

On a, Helmholtz, d, G. 844 ff.; Fr. 880 flf. (008 fT.); Ilering, A, 
855 ff. ; Auhert, d, 005 ff. On 6, Helmholtz, d, G. 087 f., 850 ff. ; 
Fr. 700 f., 880 If. (540 f., 703 IT.); Hering, A, 358, 3()S f.; Wimdt, A, 
4te Aiifi., 11., 140 IT.; Aubert, A, 608. On c, Ilering, d, 433 ; Schcin, 
71, 61 ff. 

210. The Horopter. The last experiment but one sho>^ 
that the lixat/ion point is seen single. Besides this there 
are certain other parts of the visual field that may be 
seen single at the same time. The sum of all these parts 
is called the Horopter. The horopter varies with the fixa- 
tion point, because the positions of the eyes are different. 
S(*e experiments on eye-movements, p. 119 ff. An exact 
determination of its form in any case is extremely difficult. 


^ Whether the sensations of corresponding points are ever separable is still 
in <loubt. Wheatstone and others have held that under proper conditions they 
nugiit be separated and give rise to double vision, just as those of non-corre- 
sponding points may be united ami give rise to single vision, ilering and others 
have held the opposite, and devised experiments to show that “ Wheatstone’s 
Experiment ” is a misleading one. In support of at least a certain sort of 
double vision with corresponding points, see W^heatstone, .4,384 f. ; Ilelinholtz, 
G. 88^ ff.; Fr. 930 ff. (736 ff.) ; Wundt, A. 4te -\ufl., II., 194 ff. Against it, see 
Hering, A, 434 ff. ; Aubert, A, 609; Schdn, 66 ff., 75 f. 
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but 0110 or two rough tests of special cases may be made 
without much trouble. 

a. Fasten two small bits of cork on the points of a pair 
of com])asses oiiened two or three inches. Keej) one steady, 
and use it as a fixation point, moving the other about it in 
circles in the three iirincipal planes of the visual field 
(tin? inetiian idane; the plane of vision, i.e., the plane 
passed through the lines of regard ; and a vertical 'plane 
jiassed through the fixation jM^nt perpendicular to the 
other two). Notice? the position of the moving point when 
double images of it can no longer be distinguisiied. While 
it will not be easy to fix these phu'cs definitely, ecu’tain 
regions can be made out within whiiili the double images 
cannot be seen sepjirately. One of these will be a broad 
band extending aiiove and below the fixation point, and 
another at the right and left of that point. In these 
regions lies the horopter. 

h. It is easy to determine with a certain accuracy the 
position of the part of the horo])ter above and below the 
fixation point. Hang a small weight by a Idack thread 
from a bar of the window. Select ii spot behind the 
thread on the glass at such a height that fixation of it 
will bring the eye ajiiiroximatcly into the primary plane. 
Fixate the point from a distance of six or eight inches, and 
observe that the double images of the thread are not 
parallel, but form a narrow V opening upward.' Hraw tln‘ 
lower end of tlie thread away from tlie window, still niaiii' 
taining the fixation, until the images are paralhd. A 
stra,ight line through the fixation point ])a.ralh?l to these 
images is the portion of the horopter sought. 

c, A somewhat more definite notion of the part of the 

* Tlie t.lire;i(ls iiuiy also ;i|>|>ear Nlif'hily curved, with the coiicjAvity'Ktuw:ii«l 
the fixation point for reasons noticed in Kx. 172. 
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horopter at the right and left of the fixation point can be 
gotten by the following experiment. Hold the frame of 
parallel threads prepared for Ex. 196 c perpendicular to 
the plane of vision in its iirimary position, and six inches 
or less from the face ; fixate the middle thread, and olv 
serve that the threads seem to lie in a. cylindrical surface 
slightl}' convex toward the face. The apparent curvature 
is due to the fact that the retinal images of the side 
threads rest on points which are disparate, though near 
enough together to serve for single vision. 

If the threads, when actually lying in a plane, appear to 
lie in a convex surface, it is clear that a set of threads 
lying in a surfa(*e equally concave ; i.e., when so arranged 
as to give retinal images resting on exactly corresponding 
])oints, would api)ear to lie in a plane.^ This fact Hering 
uses in support of his principle that points lying in the 
horo])ter are actually seen in the Surface of Single Vision.^ 

As the frame is again removed the threads fall back 
into a plane. This effect-might, however, depend on the 
])rosence of the frame. To avoid this difficulty, the 
])eriinent may be made with long threads viewed through 
a. tube so as to cut otf vision of their ends. When thus 
viewed from a distance, the threads seem to lie in a ])lane 


’ Tlie tlu'orotifljil nurvo in whioli the eoncavc surface wouhl cut the plane of 
vision is a portion of a circle passiii);; throiiKh the tixatioii point anil the optical 
centres of the eyes, the “ ('ircle of Mhller.” 

2 The Snrfai^e of Sinjjle Vision, Kcring’s KernjUu'he^ is a transverse plane, or 
slijjlitly concave surface, passing through the apparent point of regard (Kent- 
punkt). In it appear all objects whose retinal images rest on exactly corre- 
spoiwling points, or on points that are only vertically disparate. Behind it is the 
region of homonymous ilouble images, and in front of it that ol heteronymous 
double images. Before or behind it appo.ar al.so all objects whose retinal images 
rest upon disparatit points, even when the disparateness is insutheient to cause 
perceptible double images. It might be defined briefly as the surface in wldcli 
the empirical horopter seems to lie. For usual positions of the eyes it stands 
symmetrical to the median pl;me and perpendicular to the plane of vision, or 
•>ut slig^itly inclined away at the top. With extreme positions of the eyes, how- 
ever, its position is altered, (lleriiig 401, 413 ff.) 
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(Heliiilioltz), or even a concave surface (Hillebraiid). For 
quantitative results, see llelmhoitz. 

For other simple methods of determining the horopter 
empirically, see Schon, B, and Christine Ladd Franklin. 
For Si geometrical consideration of these and other cases 
see Appendix II. 

Helmholtz, A, G. 801 ff., 860 ff. ; Fr. 828 ff., 901 ff. (654 ff., 713 IT. ) ; 
Hering, yl, 375 IT., 401; Wundt, 4te Aufl., 11., 180 If.; Le Conte, yl, 
192 ff., C, 105 ; Ilillebrand, yl. 

211. Location of Single and Double Images. The direc- 
tion in which these images appear has, already been con- 
sidered in Ex. 207 ; in the fixing of their apparent distance 
any or all of the criteria of visual distance may co-operate. 

a. Single Images at the Point of Regard. In the ab- 
sence of other criteria single images are located at the dis- 
tance of the apparent point of regard. Use the haploseoj)e 
adjusted for crossed vision, and any simple diagram in 
which the two pictures are exactly alike on the two sides. 
Tie combined image looks smaller than the original figures, 
and hangs in the opening of the transverse screen. In- 
• crease and decrease of the distance of the diagram is 
accompanied by similar movements of the combined image 
which lies at the crossing-point of the lines of vision ; i.e., 
at the apparent point of regard. 

Remove the diagram from the haploscope, and combine 
the figures with free eyes and crossed lines of sight, or 
use the liaploscope after removal of the transverse screein 
Notice that all the figures are now of nearly or quite the 
same size, though smaller than the original pair, and lie in 
tlie same plane. The distance of the plane is somewhat 
uncertain, but seems greater than that of the crossing-point 
of the lines of regard. The knowledge of tlie actual dis- 
taiice of the diagram by monocular arid other criteria is 
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partly preponderant over the datum from convergence. 
The effect of the latter is •not wholly lost, however, and 
shows itself in the decreased size of the circles. Cf. Ex. 
217 a. 

A similar experiment can also be made by combining 
the figures of a uniformly figured surface; e.g., a papered 
wall or an unpainted brick one. As successive figures are 
combined by greater and greater convergence, a phantom 
wall approaches ; but location at the crossing-point of the 
lines of regard seems rather clearer to the writer when 
the convergence is being allowed to fall back stage by 
stage than when it is being increased. For a special study 
of other phenomena attending the combination of such 
figured surfaces, see Le Conte, O. 

Combinations with x)arallel lines of sight ought on this 
principle to give combined images located at an infinite 
distfince, or, more exactly, at the limit of distance for which 
the binocular criterion is commonly useful ; but the effect 
is hardly to be secured with* ordinary diagrams. The trans- 
parent one recommended in Ex. 212 /j succeeds partially, 
when given a not too rapid motion to and from the face 
against a background of sky. It is not hard, however, to 
secure location beyond the actual x>hxne of the figures com- 
bined. Hold up an open-meshed cane-seated chair, six or 
eight inches before the face, and combine the octagons of 
the mesh with eyes converged on a more distant x^oint. 

For location when the lines of sight are divergent, see 
Ex. 219 ft. For the case of single images showing binocu- 
lar relief, see Ex. 212. 

If. Double Images. The single members of the double 
imago x)air are subject to location according to the usual 
monocular criteria, and to certain binocular criteria as well. 
Cf. ICx. 218 a. Their location as regards distance, espe- 
cially when seen with unmoved eyes, is sometimes extremely 
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uncertain, ami may even be changed voluntarily. The ten- 
dency under these conditions is 40 locate tliem at about the 
distance of tlie a])pareiit point of regard. Try with a 
couj)le of til reads or wires (not held in tlie liands) before 
a uniform background, and so arranged tliat the points 
of su])port cannot be seen. For careful experiments see 
Selion. 




Their direction and a])proximate distance, other tilings 
being equal, may bo plot Pal scliomatically according to tli<‘ 
following rule based on the princi|)le of binocular direidion 
examined in Kx. 207 : Tn order to get the position of any 
pair of double images, draw diagrams showing the posi- 
tion of tlie oliject giving rise to tlnun with reference to tli^* 
eyes ^fngly, and then combine the t\vo by making tlieir 



212] VISUAL PERCEPTION OF SPACE, ETC. 275 

linos of regard coijicide. The diagram opposite, in wliioh 
the middle one of tlie thrjee little circles is taken as the 
point of regard, will make the method clear. For fuller 
treatment, see Tiering, />*, and Le Conte, A. 

Brewster, .1, 1)0 ff. ; llelinholtz, A, G. 705 ff., 808 f., 800, 804 f. ; 
Fr. 823 ff.* 000 f., 035, 040 (040 IT., 720 f., 740^ 744 f.); lloring, .1, 
420 ff., 431 f., 531 ff., 7i, 43, 107 ff.; Aubert, A, 013 ff.; Wundt, .1, 
4te Aiifl., II., 178, 18;i; Lo, Conte, A, 112 ff., 213 ff . ; ISclion, Ji, 100 
f., C, 50 IT.; Hyslop, B. 

212. Ilinocular rereeption of Itelief. This rests on the 
perceptive union of the slightly different images reccuved 
by the two eyes. Those parts of the images which lie at 
any instant on pairs of corresponding points are located in 
the Surfa(‘e of Single Vision; those that lie on disparate 
])oints, though th(‘y may be seen single, are located before 
or behind that surface - - before it, if the disparateness is 
siudi that when carried to a greater extent it would give 
heteronymous double images ; behind it, if such as to give 
homonymous images : or, tp state the same thing in terms 
of eye-mov(mi(mts, those parts of the object will seem 
nearer for the exact lixation of which an increased conver- 
gence would be re(|uired, and those parts will seem more 
remote for which a less convergence wamld be required. 

a. Try with diagrams like those on tlie following page, 
combined binocularly with the stereosco])e, haploscope, or 
with free eyes. In the lirst, the right and left figures are 
exactly alike. In the others they are different in sucli a 
way as to make the figure convex in the second diagram 
and coiu^ave in the third — - supposing the combination to 
bo made with lines of regard p.arallel. or nearly so or 
concave in the second and convex in the third, if the lines 
of rtigard cross before the diagram. 

The effect of identical j)ictures may easily be seen in the 
Wheatstone stereoscope by turning one of the tigur.es up- 
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side-down, provided the figures are drawn in the middle of 
the cards. Nos. 1 and 24 of Martius-Matzdorff’s diagrams 
show the same thing excellently in tlie ordinary stereoscope. 



Combination with Free Eyes. The experimenter will 
find it convenient to secure the ability to combine sm ii 
binocular ^Jiagrarns witli free eyes. Tlie first attem{)ts at 
combination with parallel lines of sight should be ma^ic 



212 ] VISUAL PERCEPTION OF SPACE, ETC. 277 

with diagrams in which the corresponding parts are at 
most no farther apart tlian the centres of the eyes ; in 
ordinary stereoscopic pictures the distance is too great. 
The easiest way in which to begin is to use a diagram on 
glass, which may be easily prepared as follows.^ On a 
suitably sized piece of glass stick two small paper dots, 
with their centres separated by the interocular distance. 
About tliese, but with tlieir centres a couple of millimeters 
nearer together, stick two narrow paper rings ; and outside 
thescy again, two larger rings, with their centres coinciding 
witli those of the dots.*-^ The resulting diagram will be 
like the second one above. Hold the glass plate at arm’s 
length, and looking through it, fixate some very distant 
object. The two figures will instantly combine, and the 
smaller ring will take its place before the other. In trying 
with ordinary diagrams, bring the card against the fore- 
head, allow the eyes to take an unconstrained position, 
then move tlie diagram slowly away. Combination with 
parallel lines of regard is favored by holding the diagram 
in such a x)osition that the eyes must turn upward to sec 
it, the parallel position of the lines of regard being habit- 
ually associated Avith elevation of them. Four figures are 
apt to be seen at first, the middle two of which can, with 
care, be l)rought together and combined. 

To combine the figures by crossing the eyes, hold the 
diagram at a convenient distance, and bring between it and 
the face, in the median plane, a pencil-point or other small 
object. Fixate the pencil-point, and notice the images, as 
in the previous case. If just the right distance has been 
hit, three images only will be seen ; if four, mov-e the pen- 

‘ Tlie writer is indebtea for tlio suggestion of this experiment to the ex- 
I'lanatory text .‘ie<*oinpunying Martins-Malxilorlf’s iliagrains. 

- For 4hese dots and rings nothing is more convenient tlnin those prepared 
1«u kindergarten use, — “ Mrs. llailmaim’s dots,” and “ gummed paper rings.” 
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cil backward and forward till tlu; middle two have been 
brought together. * 

One diffl(*iilty in using the free eyes comes from the ha- 
bitual association of aeeommodaiion for distant vision witli 
parallelism of the lines of regard, and aeeommodation for 
near vision with convergence ; but sufticient practitre will 
train the eyes to a inore or less com 2 )letc dissociation of 
these functions. 

For literature, see any general account of biiiociihir viision. 

213. Increase of tin* Ilinociilar Criterion ; the Telestereo- 
scope. The ti!lestereosc(»pc is an instrument for increns- 
ing the dilferenc.e in the images of real objects ieceiv(‘(l 
by the two eyes, and so the binocular factor in the percep- 
tion of their relief. Its [)rinci]dc will be easily understood 
from the plan opposit(‘. in whicli the heavy lines represent 
mirrors and tlio light Jin<*s show the course of the rays of 
light. 

Objects rcflecd-tMl in the large mirrors are again reflected 
in the small mirrors, and so reach the eyes at L and R. 
The right eye tluis S(;es objects as it would if stationed at. 

and the left as if at 1. For practical pur})oscs the inter- 
ocular distance has been made equal to I r. 

Arrange the Wheatstone stereoscope for us(^ as a t(d(‘- 
stereosco])e by turning the diagram holders around ami 
moving them out to the ends of the bed. it befon^ 

an open window overlooking a lan<lsca[)e containing a good 
deal of detail, or even at one end of a large room — thougli 
in tliis case it may be ad visa bh'. to reduce the se])aratio!i 
of the mirrors somewhat. Adjust the instrument till ;> 
clear and easily combined view of the landsca])e is secured. 
The result will be a decided increase in the binocular relief 
of the objects seen. The effect is often that of a srn.ill 
model, in which, of course, for the normal eyes thei’fe would 
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be the same ability to see more than usual of both sides 
of the houses and trees, eombined Avith the same small reti- 
nal imases.^ 

Considerable trouble may be met, if the instrument is 
roughly made, in getting the images given by the large 
mirrors to stand at exactly the same height, but care in 



p^jsition sliould be such as not to (rause undue straining 
of the eyes. As in so many other binocular experiments, 

’ Tlie tliirercnce in tho binocular aspects is not the only factor, however ; for 
iiu'io increase of convergence, without increase of the interocular base-line, 
rauscft a very similar effect, as may be seen by examining the land8cai>e with a 
10 LHr prism held before one eye (sharp edge toward the nose), while the other eye 
r‘'n\:\in8 free. * 
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the effect will probably become more marked as the eyes 
are moved about from object to object and the distances 
studied. 

Helmholtz, A, G. 793 f., 831; Fr. 821 f., 801 (047 f., 081). 

214. Kcversal of the Binocular Criterion; the Bseudo- 
scope. Tlie effect of the pseudoscope upon an object seen 
through it is eciuivalent to an interchange of the images 
received by the eyes, so tliat the one seen by the right eye 
is like that usually seen by the left, and vice versa. Tin' 
result, when proper conditions are observed, is a reversal 
or conversion of the binocular relief of the object. The in- 
strument consists of two total-reflection prisms, set with 
their reflecting sides vertical, and inclining a little toward 
the median plane. 



The right eye sees the right side of the object reflected 
in the right prism, and thus reversed. The h‘ft eye sees 
the left side of tlie object similarly reflected and reversed. 
Points in the object which normally require increased con- 
vergence now require less, and vice versa, in use, the in- 
strument should be adjusted by varying the se2)aration of 
the prisms and their inclination to the median ])hine till 
the images fuse easily, and with about the degree of con- 
vergence required for normal vision of the object. 

The j:)seiidoscopic effect seems quite capricious, soio‘* 
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objects instantly appearing in changed relief, others refus- 
ing to change. It is most certain with simple geometrical 
models of wire and other forms that are equally familiar 
in both kinds of relief (e.g., the medallions of Ex. 203), 
and in which the monocular criteria are weak or wanting. 
Ill other cases the reversal is difficult, or only partial. Try 
with simple forms of wire, and then with more complicated 
ones, such as boxes, bottles, or vases, and finally with the 
human face — a small bust, or the face of an assistant. In 
all cases care must be taken to avoid the interference of 
monocular criteria. 

All the more important pseudoscopic phenomena can be 
gotten with stereoscopic diagrams when those intended 
for the right eye are seen by the left. The ordinary geo- 
metrical forms turn instantly when they are combined 
alternately by straight and crossed vision, either with free 
eyes or the haploscope. The results are partial and doubt- 
ful when more complicated figures are tried, especially 
if there is shading and the mathematical perspective is 
strong. With stereoscopic photographs failures are fre- 
quent. Try with any convenient set of stereoscopic pho- 
tographs. 

Wheatstone, R, 10 flf. ; Brewster, A, 208 ff. ; ITehnholtz, A, G-. 
7i)l ff.; Fr. 810 ff. (040 ff.); Aubert, A, 025; Le Conte, A, 139 f.;. 
Stevens, .1, 44T. 

21o. dudgnients of Depth with Two Eyes. Absolute 
judgments of depth are difficult to experiment upon be- 
cause of the difiiculty of excluding relative judgments of 
various kinds. ^ Wlien these are excluded the judgments 
are extremely uncertain, as will be shown in Ex. 217. For 
estimates of the distances of unknown objects under such 
conditions, see Wundt, />, and Rouse. 

' Of. ttie remarks made upon absolute jui^iuents of the position of the lines 
of regard, p. 19 ‘j. * 
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Judgments of Relative Depth are easy to experiment 
upon, and show a surprising accuracy. In the following 
diagram the spacing of the letters is not strikingly differ- 
ent when bbserved in the ordinary way. When, however, 
the two figures are combined binocularly, considerable dif- 
ferences of level are to be observed. 


IN 


IN 


THE SAME 


THE SAME 


PLANE? 


PLANE? 


• The same applies to figures of any kind which show 
slight differences in the relative position of their parts. 
Indeed, tlie differences necessary to give relief are so 
slight that it is extremely difficult to draw two figures, 
e.g., squares or hexagons, that will lie flat when binocularly 
combined. Nos. .T4 and of Martius-Matzdorff^s series 
are excellent for demonstrating this effect. For quantita- 
tive measurements of the accuracy of binocular judgments 
of relative distance, see Helmholtz, A, G. 71)0 ; Fr. 817 f. 
(044 f.) ; and Wundt, A, 4te Aufl., II., 135, and B. 

Helmholtz, y|, G. 788 ff., 795 ff.; Fr. 814 ff., 823 ff. (642 ff., 649 
ff. ); Ueri ng, vl, 41.3 ff., 551. 

21G. Binocular vs. Monocular Localization. 

a. At a little distance before a uniform background 
stretch a thread vertically with a bit of lead. Observe tin* 
thread from a distance of 8 or 10 inches, holding a piece of 
cardboard of nearly that length in the median plane in sucii 
a way as to shut off from the right eye all objects to tlio 
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left of the thread, and from the left all objects to the 
right. Fixate the thread steadily for a short time, and 
then attempt to touch it with a pencil or teasing-needle 
brought up on one side perpendicular to the median plane. 
The pencil will of course be seen by one eye only until it 
is near the thread. Steadily maintaining the fixation of 
the thread, bring the pencil up within two or three inches, 
and then with a rapid movement attempt to touch the 
thread. The pencil will be found to pass behind it. This 
is the form of the experiment given by Helmholtz, who 
says, further, that the error is small if the head is brought 
into position with the eyes closed, and the touching is done 
iinmediately after opening the eyes, but that the error in- 
cn^ases with long fixation, perhaps on account of fatigue 
of tlie eye-muscles. 

In rejieating the experiment, the writer has found the, 
illusion exactly reversed by a very slight change in condi- 
tions. If the fixation of the thread is not continuously 
maintained, but the pencH itself is directly fixated and 
adjusted to the apparent distance of the thread (nionocu- 
larly of course, except so far as the other eye converges 
consensually), the touch will fall short instead of passing 
bi^yond. 

h. Differences between monocular and binocular location* 
can also be shown with diagrams. Draw a couple of heavy 
idrcles ‘with centres four or five inches ay)art. Combine 
them vvitli crossed vision, and hold a at the intersec- 
tion of the lines of regard. If the pen is now moved 
rapidly to and fro through the point of intersection, it will 
b(* seen now nearer and now farther than the central circle, 
as might be exx^ected ; but if it is moved nearer the dia- 
gram and kept there, or if it is at first brought up from 
that sjde of the x>oint of intersection, the central circle is 
axjt to lie in or near the x>lane of the diagram, or at least 
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beyond the pen, notwithstanding that the double images of 
the latter are homonymous. The nearer location of the 
pen probably depends on the knowledge of the distance of 
the hand*that holds it, the greater degree of accommoda- 
tion required to see it elearly (accommodation is for the 
true distance of the diagrams if their lines are seen sharp), 
and the overlapping of the circle by the images of the pen, 
when that occurs. These unite to give the pen its nearer 
and approximately correct location. It is hardly necessary 
to point out the small importance which such experiments 
allow to the convergence of the lines of regard as a visual 
criterion. (Jf. also Ex. 217 a. 

Somewhat similar differences of location arc to be noticed 
when the intersecting circles of the following diagram are 
united binocularly. The result of union is three over- 
lapping circles. Tlie side circles may a])pear either lx^foro 
or behind the central one, or all may seem to lie in sepa- 
rate planes. 



c. Several com }>e tent experimenters report that objects, 
especially those at a distance, look smaller when viewed 
with a single eye. Try the experiment, cutting off the 
view of one eye or the other with a bit of (;ard board. ^ 


1 The writer has not ll.ad uniform success witli this experiment, ‘perli.ii’" 
from the neglect of some condition not specifled by those who have reported i<. 
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d. It IS by no means easy to secure either binocular 
or monocular vision by itself. The following experiment 
shows the co-operation of the second eye under circum- 
stances which might at first seem monocular. Provide a 
picture showing a considerable stretch of distance, cut off 
the vision of one eye by holding a card an inch or so before 
it, fixate a point in the extreme foreground, e.g., the edge 
of the picture, and remove the card. The change in ap- 
pearance will be slight. Cover the eye again, select a point 
in the extreme background, and get a clear perception of 
its remoteness by comparing its distance witli that of ob- 
jects in the foreground. Finally fixate the point selected, 
and remove the card. Double images of the point will be 
seen for an instant, showing that the eyes have assumed 
a degree of (jonvergence suitable for objects jnore distant 
than the plane of the picture. 

Holmholtz, G. 700; Fr. 824 (650); Hyslop, A and li; James, 
IT., 148; Aubcrt, d, 020. 

• 

217. Changes in Convergence and in the Size of the 
Retinal Images. 

a. Changes in Convergence, with Constant Ketinal 
linages. This matter luis already been somewhat con- 
sidered in Ex. 211 a, but the method here described has 
certain advantages. Adjust the Wheatstone stereoscope 
so that combination of the diagrams takes place witliout 
strain upon the eyes. Then move both arms of the instru- 
ment at the same time slowly backward from the observer, 
continuing the combination. An increasing convergence 
will be required, and the apparent size of the combined 


<*r perhaps from some tliiT«*reiiee in l»is eyes. When ho succeeds, the decreaH) 
'loos not occur instantly, but a second or'two after the interposition of the card. 
I’ho decrease of size, when it occurs, seems to he connecteti with .a nearer loca- 
lion of file olijoct; but at times there is a reverse location, and objects seem 
farther away. 



^86 LABORATORY COURSE IN PSYCHOLOGY. 


[217 


image will decrease, though the distance of the diagrams 
from the eyes, and consequently the size of their retinal 
images, remains constant. Moving the arms back again 
causes an apparent enlargement of the combined image. 
The same experiment may be tried roughly by cutting 
apart an ordinary binocular diagram, holding tlie parts at 
arm's length, combining them by crossed vision, and gradu- 
ally sej)arating the pictures while still maintaining the 
combination. The combined image will grow distinctly 
smaller as the ligures are separated, and enlarge as they 
approach each other. Examination of the combined image 
in either case may show that its final situation is nearer or 
farther, but during the movement the change of size is the 
more apparent. The convergence criterion has, during the 
movement, little influence on the perceived distance, wJiich 
is otherwise determined ; but its change is effective in the 
apparent reduction in size. In both cases accommodation, 
if the images are kei)t cleaj*, remains constant; and its 
influence, if it has any, will be in favor of constancy of 
apparent distance. 

Retinal images of constant size can also be secured as 
after-images, and then the degree of convergence of the 
closed eyes can l)e altered without any din^ct effect of 
accommodation. Try with the after-image of a gas flani(‘, 
gotten from a distance of eight or ten inches. Conver- 
gence will often cause both decrease of size and nearer 
location. Such is the writers experience, but Scharwin 
and Kovizki report a different result under circumstances 
apparently the same in all es.sential particulars. 

d. Effects of Cliange in the Size of the Retinal Images 
without Change of Convergence. Adjust the instrumeiil 
is for above. Then slide both diagrams at the same time 
toward the mirrors or away from them. The resujt win 
be a (iecrease or increase of the apparent distance of th»‘ 
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combined image, though the degree of. convergence has re- 
mained iiiiclianged. The difference in size of the retinal 
image can be recognized as such ; but the change of distance 
seems tlie readier interpretation, probably because of the 
knowledge of the simultaneous movement of the diagrams. 
The state of convergence seems wholly ineffective, and 
tlie result is exactly like that observed when tlie experi- 
ment is made with a single eye. in this case accommoda- 
tion clianges with change in the distance of the pictures. 

Tlie same may be tried with the haplos(?ope arranged for 
parallel vision, or with the ordinary stereoscope by simply 
sliding the diagram liolder toward the eyes or away from 
them. 

Wheatstorio, //, 2 ff. ; nelmholtz, A, O. TOr,; Fr. 82;} (049); Ilille- 
brand, ..1, 42; llogcr.^, .1, 9;> ff. ; Stevens, //, 292 ff. ; Judd. 

218. Movement of the Eyes iii the ]\weeption of “Relief. 
Jt was supposed by some of^the earlier investigators that 
successive lixatibn of the different parts of an object was 
lu'cessary to tlie binocular 2 >crception of its relief, or, in 
other words, that movement of the eyes, by wliicli the parts 
were successively seen single, was e.ssential. Such move- 
inciit is probably a considerable help, but is by no means 
necessary. 

a. llering's Experiment of the Falling Ball. Arrange 
.1 l»asteboard tube wide enough to admit of binocular vision, 
and aliout a foot long, so that it shall look toward a white 
background a couple of yards away. A little distance from 
tbe end of the tube set up a large screen pierced by a nar- 
row horizontal slit; e.g., 5 mm. wide and 150 mm. long. A 
yaid or so from this hang a plumb-line, made of a silk 
Hi read and a bit of lead, in such a way tliat neither eiuf 
it can be seen through the slit. Let the observer look 
tliroiigfi the tube and fixate the thread. Then let the 
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experimenter drop small bullet or larj^e shot from a mod- 
erate height, a little before or behind, and a little to one 
side of the thread. As it passes the level of the slit, it will 
be seen for an instant by the observer ; and ho will readily 
be able to tell whieh has been done, unless the distance of 
the line of fall has been very nearly that of the thread. The 
size of the shot used should be unknown to the observer, 
and may well be changed from trial to trial. It should 
also be caught in the hand or on a thick cloth at the end 
of its fall, to x^i'event judgments based on the sound of its 
striking. Try, also, a few times with monocular vision for 
puri)oses of comparison and as a check. The observer 
should, in this case, fail about as often as he succeeds, 
while the distances from the thread are still such as to 
be almost always correctly judged \vith two eyes. 

h. llring the thread up witliin a foot of the tube, and 
increase the distance before or behind it at which the shot 
is dropped, till double images, of the latter can be dctcct(.Ml. 
Notice that they also are recognized as bef<*)re or behind the 
thread. As it is somewhat dillicult to see double images 
under these circumstances, the shot must be dro2)pcd as 
nearly as possible in line with the thread, so as to bring 
the images on either side of it. 

c. Instantaneous Illumination furnishes a method of 
more varied a-pi)lication. Arrange the dark box for in- 
stantaneous illumination. Prepare several stereoscopic dia- 
grams for special use with tlie box, drawing them in heavy 
lines on opaque cardboard, and making the distance be- 
tween the symmetrical points of the paired figures not 
greater than the interocular distance. Through the ndddh‘ 
points make fine needle-holes. Put one of the diagrams in 
place on the back wall of the box ; let the observer brin ^ 
the two muidle-holes to combination with either cross* -i 
or uncrossed vision, and illuminate the diagram.’ If 
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light is sufficient and the relief of the i)ictiire clear, the 
relation of the parts will be recognized instantly. If a 
single illumination is not sufficient, allow more, but at 
intervals of a few seconds.' 

These experiments may be varied by instantaneous illu- 
mination of real objects instead of diagrams, or still more 
simply by sending single sparks through a perspeetivmly 
placed Geisslcr tube, or by observing the irregular course 
of long induction sparks. 

Another method of demonstrating binocular perception 
of relief without eye-movements has been used by Rogers 
and other observers. It depends on the combination of 
after-images suc’-eessively produced in the two eyes, but is 
rather difficult of execution. 

HelinholU, .1, (k 889 If., Fr. 934 ff. (739 ff.); Tiering, /I, 407 f., 
427 ; lTog<‘r.s, />*; Stevens, 7i ; Le Conte, A, 148 ff. ; U reelf; Dii Bois- 
keynioinl ; Aubert, A, 017. 

219. Unusual Eye-movements in Favor of llinocular 
(Combination. Few of the possible moviunoiits of the eyes 
are under direct voluntary control, but almost any can be 
brought about indirectly and in a slight degree by making 
tliem temporarily necessary for single vision. 

a. Divergent Movements. Slight divergent movemouts 
may bo induced by bringing the arms of tlie Wheatstone 
stereosco])e gradually toward the obs(‘rver Ix'vond the ])oint 
giving parallel vision, while he maintains the combination 
of the diagrams. 


^ In onlor tluit U>o relief maybe instantly ;iml correetly perceived, it is obvi- 
niiB that the impressions received by the two eyes must never be intercb.inged ; 
Ibat, as Lo Conte says, each eye should “know its own imagt^.” (leneral com- 
parison of the monoeular fields shows little to prevent :m iuterebanj^e, (ef. Kx. 

but the acute obserVatitms of .S<*hdii have tleumiistrated that the seusatioiia 
pi<>duce<l at eorre8i)oiuliu}' points <H<fer in detiniteiiess, in inttmsity, in <M)Ior, in 
Oieir j»eif!istenee- in rivalry, and in still other nispeets ; and on these dill’erences 
P«<»hably rests the certainty of eorreet binocular interpretation. 
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The same may be secured with a diagram like that given 
in miniature in the margin, the observer first combining 
figures separated by liis interociilar distance, or less, and 
then advancing slowly, step by step, to those of greater 
and greater separation. The centres of 
each pair of small circles are the same 
distance apart as the centres of tlie 
large circles in the figure inini(Hliatoly 
below; when, therefore, the smaller base 
of the first cone is seen single, the hirger 
base of the second is seen single also, 
and so on. A certain aid may perhaps 
be derived from the (*on(*eption of greater 
distance in passing from the large to the 
small circles, but a diagram in which IIkj 
circles arc concentric seems nearly or 
quite as helpful. Notice also that diver- 
gence makes no difference in the median 
forward location of the combined image, 
and little in its ap])arent distance. 

h. Asymmetrical IMovcimMits. Tt is 
easy to cause one eye to turn upward 
while the otlier remains at rest, by giv- 
ing a corresponding movement to one of 
the figures in the Wheatstone stereo- 
scope or the haploscope ; or to cause one 
eye to move inward and uj)ward while 
tlie other moves inward and downwaial, by turning an ordi- 
nary stereosco])ic diagram in its own plane, while coml)ine(l 
with free eyes. In all cases the movenKuit njust be very 
gradual ; and, if the combination tends to bre^ak u]), a little 
time must be given for recombination, or a return made to 
an easier stage. , 

Something similar may be accomplished witli a prism ol 
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small angle first held before the eye, with the sharp edge 
toward the nose, and then turned slowly about the line of 
sight. 

c. Kotation of the Eye about the Line of Sight. This 
may be induced by gradual rotation of one or both of the 
figures of a stereoscopic pair about their centies, during 
combination. It is well to use a fairly complicated geo- 
metrical figure; and success must be judged by the hori- 
zontals, not by the verticals, for the latter may remain 
single without rotation of the eye. 


Helmholtz, A, G. 631 fF., 700 f., Fr. 615 fF., 827 f. (474 ff., 653 f.); 
Ileriiig, A^ 504 IT.; Le Conte, A, 252 ff. ; Stevens, .1, ii, 200 fF. 

220. Conditions that Help and Hinder the Seeing of 
Double Images. One of these conditions has already been 




inontioned incidentally in Ex. 200 a ; a few others are 
gJithered here. The ability to distinguish double images 
.S(M‘ins to differ considerably from j)erson to person ; and the 
specifications hen? given may for that reason be unsuited 
to some observers, but the alterations recpiired will be 
obvious. 

n. Like Diagrams of Slightly Different Size may be 
‘ onibined without double images. Try with the diagram 
<‘djove, ill which the right circle is a millimeter greater in 
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diameter tlian the left, or with Martius-MatzdorlFs dia- 
gram No. 13. 

Tlie experiment may also be made by gradually moving 
one of the pictures away from the mirror (or toward it) in 
the Wheatstone stcrcosco 2 )e. Wheatstone ijoints out that, 
the union of images of unecpial size is normal in vision oC 
objects at the extreme right and left of the binocular 
field of regard. 

h. Images Doubled Vertically are more easily distin- 
guished than those doubled horizontally. Try with the 
diagram below (after Wundt). The second circle from 
the centre and the outer one are alike in the two ligures, 
the first and third are unequal. The latter combine at the 
sides, but show double images above and below. 




c. Slight Differences in the Figures to be (“ornbined, if 
not easily capable of a s})atial inttu-pretation, may liiiKh'r 
combination and favor double images. Try with the ligun s 
below. 

Covering a ])ortion of the right line in one of the figur<’S 
of the first diagram has something of the effect of the dot 
in the second and the cross line in the third. 

d. Movement of the Eyes, which brings one part of 
images after another on corresponding retinal points, t(Mi<l,s 
to obscure double images 5 steady fixation tends to brijig 
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tliem out, espeHuully after retinal rivalry begins. Try 
with the lirst of the cliagraiiis below. For tliis reason the 
presence of lines in the hgures wliich tempt the eye to 
movement (Wundt’s fixation lines) are often a luiidrance 
to tlie appearance of double images. C’f. a similar effect of 
eyt^-movemeiits on after-images, Ex. 120. 


e. If fixation is not maintained with care, double images 
may be negh^cted even near the point of regard. Combine 
the crosses in the diagram below, and observe that the 
vertical lines at the riglit form a more or less exactly eon- 
timioiis line in tlie combined image. Observe, further, that 
slight efforts toward increased or decreased convergence, 
wliicli may even occur spontaneously, cause tliese lines to 
slide a little with reference to eacli other, while the central 
cross yet remains single. 

irdinlioltz, A, G. 874 ff., Fr. 910 ff. (725 fT.); Hering, A, 432 f . ; 
Wlioatstonc, A, 385 f . ; Rogers, A, (XX.) 331 ff. (XXI.) 85 ff., 181; 
Wundt, 4te Aull., II., 192 ff. 
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221. Stereoscopy; Further Examples. The cases given 
below do not differ in any essential particular from those 
already considered in Ex. 212. They have u certain in- 


terest, however, in presenting the same priTioiples under a 
variety of circumstances. 

a. Stereoscopy with Moving Figures. On a disk pre- 
pared for the rotation color-mixer draw two heavy circles 
arranged as in A Indow, the large one Exactly concentric 
with the disk, the small one eccentric to it.^ 

Place tlui disk on tlie sjundle of tlie color-mixer, facing 
the observer, and ten or twelve feet away. Jkifore his left 
eye pkute a total-reflection ])risni Avith its refiecting surface 
parallel to iiis median plane and its right-angle edge verti- 


1 The following diinensions will answor : Diameter of disk, 12 in. ; dianiet<‘r 
of larg^ circle, 10 in. : diameter of small circle, Cin. ; dist;inco of centre of small 
circle from centre of di.sk, half an inch ; linos of circles about oiie-tent^i of «n 
inch wide. 
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cal — one of the prisms of the pseudoscope answers every 
purpose. Set the disk with the small (urelc at its greatest 
horizontal exmirsion on the right or left, and have the 
observer examine it, looking witli liis left eye tlirough 
the prism, and with his riglit cyo directly at tlic disk. If 
binocidar combination is impossible, adjust the prism till 
it is secured. Then set the disk in slow rotation, and 



the observer will see the inner cinde advance and retreat 
through the hirger one with a sort of i)iston motion that 
is very striking. Associated with this movement are 
changes in the apparent size of the moving circle. The 
r(‘as()n for the advance and retreat will be (dear when 
it is noticed that the disk and its retiection as they turn 
in’oduce in succ.ession stereoscopic [)airs in the form of /? 
and C, with intermediate positions that serve well enough 
to (iomplete the forward and backwiird movement. 

A. simj)ler but less stwking ex])eriment can be made as 
follows : Mak(? thre(^ little ])lunib lim^s with as many bul- 
lets and silk threads, leaving the threads thren* or f<nir 
lent long ; hang these about three inches apart in one plane. 



296 LABOUATOEY COUESE IN PSYCHOLOGY. [221 

before a white background, at such a height that the bullets 
will be about the lieiglit of the eyes. Use the bullets as 
stereoscopic figures, and combine them by crossing the eyes 
so as to produce four images in which the middle pair con- 
sists of the image of the actual middle one combined with 
each of the outside ones. N^ow, preserving the combination, 
set the middle bullet swinging a very little in the plane of 
the threads. The result will be an ai)pai’ent swinging 
of botli middle images in planes at a considerable angle to 
the actual plane, and in opposite directions. 

1). The Biiiocuilar Stroboscope. If a moving object is 
presented to the two eyes in slightly different jositions, 
its two images, though not exactly synclironous, inay be 
combined binocularly, and the object given a c.orresjond- 
ing location. Try with the binocular stroboscopes Place 
the three disks upon the siundle of tlui color-mixer in the 
order A, 7>, C, so as to make a eoni])inati()n like I) in the 
cut below, taking pains that the slits in A. and B shall lie 
in radii a few degrees a])art, and that the baml on C is 
vertical when the Vum mn whicli bisects the angle betwecMi 
the slits is horizontal. I’lacc the color-mixer in a good 



A BCD 


light, and, facing it at a distance of about two feet, a 
mii’ror large enough to show the whole of disk C, (-lose 
to disk A on tin? side away from the mirror place a blark 
cardboard screen pierced by a slit of length sufficient ioi 
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the use of botli eyes, and not wider than the inner end of 
the slits in B. Wlien the screen is in position the slit 
should lie radially to the disk at the height of its centre, 
and allow the observer to see the reflection of the disks in 
the mirror. When the disk is set in rotation he sees the 
band on C not lying in the plane of the disks, but inclined 
to it. Neither rate nor direction of rotation makes any 
difference in the apparent inclination, but change of the 
relative position of the slits in A and B will reduce the in- 
clination to zero, or change its direction. The cause of the 
apparent inclination will be readily seen on examination of 
the images received by the single eyes. 

The phenomenon . is elegantly demonstrated with tlie 
form of apparatus used by Dvorak, but the principle in- 
volved is the same. 

c. Stereoscopy by Difference in Color; Einthoveids Ex- 
])eriment. Tliis depends on the chromatic aberration of 
the eye already noticed in Ex. 109 h and 184 b. On a 
background of black ^elvOt paste at 2 cm. intervals alter- 
nate strips of blue and red pax>er — strix)S 1 cm. wide and 
8-10 c.m. long. Place the diagram in a good light at a dis- 
tance of three or four meters, and look at it with both eyes. 
The different-colored strips Avill not a])])ear to lie in the 
same jdanc, some observers seeing the red nearer than the 
blue, Olliers seeing the blue nearer. Try also monocularly, 
for coinjiarison ; the difference in distance will be feeble or 
wantijig. 

The aberration dox)ends chiefly on a slight eccentricity 
of the pupil, and the illusion may be increased or reversed 
by partial covering of the x)ux)il. Tf the red has seemed 
nearer, a covering of the nasal halves of the piquls will 
bring the red still nearer, and covering the temporal halves 
will advance the blue. An examination of the diagrams 
accompanying the explanation in Ex. 184 b in connection 
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with the following simple exi)erimerit will make clear the 
origin of the stereoscox)ic effect. 

On the middle of a strip of blue paper about one cm. 
wide by fifteen cm. long, paste a strip of red paper of tlie 
same width and five cm. long, so as to make a party-colored 
strip of three sections, the end ones blue, the middle one 
red. Fi’om tliis party-colored strip carefully cut a strip 
five Him. wide and fifteen cm. long, and mount it on a black 
velvet background. Place it in a good light, and view it 
from a distance of three or four meters with a single eye 
and lialf-covcred pujiil. Tf tlie right eye is used, the cover- 
ing of tlie temporal half shifts the red portion of the strip 
to the right ; ^ if the nasal half is cov(u*ed, tlie red is shiftiMl 
to the left, 'riie same will be found true for the left eye, 
with the interchange of the t(‘rms temporal and nasal. 
Kow, wh(‘u the nasal halves of both pupils have been 
covered, the, resultant images will be somewhat as in the 
accompanying diagram, where the single line stands for 
blue and the double line for red. ^ 



Left eye’s image. Right eye’s image. 

It is evident that a greater degree of convergence would 
be necessary for conil lining the images of the red part of 
the strip than for combining the blue. 

d. Anaglyphs, it is not necessary that the stereoscopic 

1 Tlio same of r’our.se would bo true if both were sliifted, tlip red to tbe rij^bt, 
the Idue to the left ; but as a matter of eoiivenieiiee I have spoken as tlnyugb tho 
red alone were shifted. 



221] VISUAL PERCEPTION OF SPACE, ETC, 299 


figures should be separate, provided that they are so ar- 
ranged that each eye gets its own figure only. This may 
be aceomplished by giving a distinct color to the figure for 
each eye, and then looking at the combination through 
glasses or gelatine sheets ot‘ such color as to allow each eye 
to see only its own figure. Various means have been used 
for atjcomplishing this result. A simple demonstration of 



B 


it, however, may be made as follows: (Jut a piece of black 
cardboard of such size that it will just tit into the window 
frame over one of the ])anes. Tn this cut three narrow verti- 
cal slits arranged like those in A above — making the distance 
between a and h aV)out two inches, and that between h and 
r about a quarter of an inch. The slits themselves may 
be three or four inches long and an eighth of an inch wide. 

On the back of the sheet, (covering the slit a, paste a strip 
of white writing-paper ; behind />, two thicknesses of red 
gelatine ; and behind e, one thickness of green gelatine and 
one of blue.^ 


* T^iia combination works tolerably with the ordinary gelatine on hand at 
present in the Clark laboratory. With other kinds of gelatine other combina- 
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Place the diagram in the window-frame at such a height 
that it will have a sky background, and look at it through 
gelatine combinations like those used in making it ; i.e., 
two thicknesses of red gelatine before one eye and a thick- 
ness each of green and blue before the other. If the red 
is before tlie right eye the combined lines at the right 
will seem before the idane of the cardboard ; if before the 
left eye, they will seem l^ehind it. If the effect is not 
clear at first, it may x)Ossibly be helped by a little volun- 
tary increase and decrease of convergence. "I'lie familiar 
truncated cone would be shown by a figure like J> above, 
when properly supplied with colored gelatine l)ehind the 
inner circles and pap('r behind the outer. 

e, Stevens’s Figure. Prepare for the Wheatstone stereo- 
scope a pair of identical diagrams, each composed of three 
or four heavy concentric circles. Set them in the frames, 
and combine them stereoscopically. Tlie result will be, of 
course, a flat figure. Then turn the frames slowly about a 
vertical axis in such a way as te make the pictures more 
and more nearly face the observer. The result will be 
a bulging forward of the central ciredes. giving the whole 
the ap])earance of an elliptical shield or watch-glass seen 
from the convex side. Turning the frames in the other 
direction produces a similar concave eff(‘ct. The experi- 
ment can be made with equal success with a stereoscoj)e or 
haploscope provided with frames that can be turned, or 
even with free eyes and diagrams held in the hands. I^e 
Conte shows, however, that the effect is mixed, being due 


tions may be necessary. The thing to bo sought is a combination that will stop 
ofif the red light as fully as possible. Whether the combination is the one 
required can easily be jmlged by looking tliroiigb it at a bit of the red gelatine. 
If the latter looks black or very dark the eoinbinatlon will answer. Any otbt r 
pairs of complementary colors would of course answer as well as the ned and 
green used here. 
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in part to siiiiplo geoiiietrie«al projection, and in part to bi- 
nocular combination. 

On a, Iloliiiholtz, A, G. Fr. 8(39 f. (688.); Christine Ladd 
F’ranklin, 111. On />. Dvorak. One. Einthoven; Hriicke, 11., 198 f., 
Brewster, A, 120 If. On e. Stevens, B, 297 If.; Le Conte, B, 104, 

Visual PEiiOKCTiox ok Movement. 

In tlie case of a slow-moving object like a planet, or 
even the hour-hand of a watch, the movement is clearly 
inferred from seeing the object successively in different 
places. In the ease of more rapidly moving objects the 
movement seems to be immediately perceived. It is with 
the latter that this section is to deal. Tlie first question 
would naturally bo that of the rate at which inference 
gives place to immediate perception. This is by no means 
easy to determine, because the processes of inference and 
perception are extremely difficult to separate ; they go on 
at the same time, and fire alike in character. Aubert and 
others have put the rate; under favorahle conditions, at 
from one to two minutes of arc xier second — the eye 
being regarded as the centre. It is not difficult to find 
olijects in motion at about that rate. The minute-hand 
of a full-sized watch (moving, say, 2 mm. per minute at 
tlie tij)), when viewed at a distance of about nine inches 
(23 cm.), gives the slower of these rates, and othei* rates 
may be obtained in a similar way from clo(‘ks of different 
size.' The hirge rfile of inference in these pereexitions 
accounts in x>a.rt for the great difficulty of x>erceiving the 
motion of a single xmint of light in a dark field. 

Wh(iii the rate of movement is sufficiently raxhd to make 

* To the writer tho inovcinent of the ininuto-hand, even when the w.'itoh is 
hrought <‘lo!<or to tho fiuro than 2.'5 <‘in., sooms irregul;ir .'iiul more cert.'iinly per- 
eoptihlo when tho hand is just j)assing one the minnto-niarks, Avhioh would 
iiidioatc that for liim, at lo.ast, tho rate is below that of genuinely perceived 
motion. 
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immediate perception an important factor, two methods 
of using the eyes can be distinguished. The eyes may 
be hxed upon the moving object, and move as it moves, 
the retinal image of the object thus remaining nearly 
stationary, while llie images of all other objects move ; 
or th(^ eyes may be kept stationary, in which case the 
retinal image of tlie moving object moves, and those of 
other objects nnuaiii lixed. The methods do not afwa 3 ^s 
give the same results in perception. 

222. Von Fleisehl’s Experiment. The rate of objects 
in rather rapid motion seems considerably greater when 
the eyes are at rest than when the eyes follow - — twice 
as great, according to von Fleischl and Au])e-rt. The 
experiment can easily be made, when riding in a street- 
car or carriage, by comparing the apparent rate of the 
ground wlien the eyes are fixanl on one point of it after 
another with the ap})arent rate when they are fixed on 
the ste[) or some part of the framework of the vehicle. 
In the laboratory tlie exj)eriment is conveniently made 
with a rotating drum covered with pa])er carrying strongly 
marked lines or bauds transverse to tlie direction of mo- 
tion, before which a wire or standard is placed for iixation, 
or even with a simple ])endulum made of a tliread and 
a bit of lead; as in Ex. 224.^ 

Yon Fleischl ; Anbert, C ; Stern. 

22t). Positive After-images of Motion.*^ Wlien the eyes 
are suddenly closed after a brief fixation of a moving 

* In trying with the drum and a rate of movement of about 5 cm. per s<icoii(l, 
the writer found the increase of a])parent rate fairly clear when changing fn>ni 
eyes in motion to eye.s at rest. Decrease in the apparent rate in changing in 
the revtu’se order secmeil a g<HHl deal less certain. 

* ITiese after-images sliould logically have been treated with the*negativ'" 
after-images of motion in Kx. 1*28, hut at the time that experiment was descriic '1 
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object, it is possible to observe for an instant an apparent 
continuance of the moveineiit in its original direction. It 
seeins likely that both niethods of seeing motion (eyes 
moved and eyes at rest) furnish such images, the first 
through actual continuance of the movement of the eyes 
after the fall of the lids, and the second through a per- 
ceptive inference based upon the positive after-images 
present. In studying tlie images it is of course essentiai 
to keep tliese kinds separate, and to distinguish both from 
the ‘^primary memory,'’ or memory after-image ” (James, 
I., (113 ft’.), though ill normal vision all probably co-operate. 
The experiments seem to the writer by no means easy, and 
he gives them with some liesitalion. The following direc- 
tions, though the best that trial has yet suggested, may 
ea-sily be superseded as the jihenomena receive fuller study. 

(f. The After-images Following Observation with INIoved 
Eyes (‘a.n be seciir(‘d by closing the eyes suddenly after 
observing veliicles passing on tlie street. The motion may 
at times seem to continue 'after |;he retinal after-image has 
entirely fad('d ; and this, with the clear subjective imxu'es- 
sion of change in the direction of the eyes, seems to jioint 
k) a continuation of their actual movement. The noise of 
the vehicle may, and does, contribute to tliis 

effect, and in so far the case is not a x)ere one. Something 
similar may be observed after glancing at a swinging 
pendulum. Here noise is not a factor. 

b. The After-images Following Observation with Eyes 
at Rest are best secured by very brief regarding of aHairly 
ra[)id movement. The observation can be made most 
easily when travelling by rail, upon objects situated two 
or tliree rods from the tnick on the op[)osite side of the 

< li»* writtn's attfiition hail iu;ver been tialled to them. Their importance for the 
K‘*aeraf ilu‘ory of the visual perception o£ movement is sullicient justification 
for their consideration here. 
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car from tliafc on wliich tho observer is seated. When 
such objects arc likely to be passed, the observer should 
select a point on tlie forward side of the window franie as 
a fixation point, and then close his eyes, or turn them away 
from the window. When Ids eyes are free from after- 
images, he should open tliem, or turn them again to the 
window, fixate the selected mark for perhaps half a second, 
close his eyes, and notice instantly tho apparent movement 
of the objects seen in the after-image. In a fraction of a 
second this first stage of ^die after-image is passed and tlie 
usual sequence of colors begins (Ex. 125 d). In this, notli- 
ing of the moving objects can be observed, but the definite- 
ness of the image of the window will testify to the 
approximate constancy of fixation. Tn the laboratory the 
moving image may be secured from a white disk a foot or 
so in diameter, carrying a number of heavy radial bands 
like the spokes of a wheel. /V disk of this sort, when ro- 
tated rapidly enough to blur the outer ends of the spokes 
slightly, gives the effect upon •closure of the eyes or the 
interposition of a piece of black cardboard. 

This expen-iment seems to show that the perception of 
movement with the eyes at rest is based upon the ])or- 
ceptive interpretation of the fading train of j>ositivc after- 
images left by the moving retinal image, and in much 
the same way that the i)erception of relief is l)ased on a 
perceptive interpretation of darkened colors in the shad- 
owed parts of objects.^ (Itto Fiscdier was led to the same 
opinion by experiments of quite a different character; sec 
his paper, pp. 144 f. 

Stern. 

1 A certain support for tliis view is also to bo fouiul in tl>o methods soinotinn'.'^ 
used in roush sketches for indicating; the inoveinent of tiyiiif; c;innon-h:ills and 
the like. It would bo intor<*stin<; to see whether a drawin/; of an object, followetl 
by a shading that shouhl fairly cnniiterfeit tho after-imago tniin, w'onld give the 
impression of movement when seen by iiistantaneoiis illumination. 
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224. Pcrceptioii of Motion in Indirect Vision. 

a, Movemcjit may be perceived with indirect vision 
when the points marking its beginning and end are too 
near together to be distinguished with certainty when at 
rest. Adjust the liead-rest of the campimeter ciglit or ten 
inches from the plane; fasten upon it a strip of paper a 
Lew inches wide and a couple of feet long, placing the strip 
horizontal with its middle in the median plane. Near the 
right end, and just within the field of the left eye, place 
{bur black dots, each about an ei^lh of an incli in diam- 
eter, at the corners of a halt-inch srpiare. Close the right 
(»y(^, and find with the left a fixation point at such a dis- 
tance to tlie left that the black dots can no longer be 
distinguished. In finding this point, the dots must be 
covered most of the time witli a bit of paper like that 
on the plane, and the observation must be made at the 
instant that they are uncovered, for retinal impressions 
in the periphery fade with tlie greatest (piickness. Having 
found the fixation point I’ecpiired, bring into the field 
radially from still farther to the right a narrow strip of 
the same paper, carrying at its end a dot like tlie four 
• just memtioned. Observe that it is possible to perceive 
movements of this dot which are less in extent tlian the 
interval between the fixed dots, even when it lies farther 
than they from the fixation point. IVIeasununents by 
AiiViert and Stern showed the limen of peri^eptible motion 
to Vie higher in the peripViery than the centre of the field, 
lliongh not so much liigher as might have been expected 
from the poor discrimination of the perijduu’y for objects 
at rest. The difference between the centre and periphery 
of the eye in perceiving the dicker of black and white 
disks, mentioned in Ex. 145 c, is perhaps a related phe- 
nomenon. 

h. The statement is sometimes made tliat the apparent 
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rate of moving objects seen indirectly is greater tljaii 
that of the same objects seen directly, and certain experi- 
ments seem to give ground for the statement. It is prob- 
able, however, that this is an error, and that an important 
factor has been omitted in the interpretation of the ex- 
periments; namely, tliat in direct vision the eye follows 
the moving object, and in indirect it does not. When this 
difference is avoided, it is hard to perceive a difference in 
rate in the two conditions. 

Hang a bit of lead 1% a thread a foot or less in length, 
so that it shall swing pendulum-wise to and from the 
surface of a mirror. Provide a uniform background for 
the pendulum, and place close to the latter something to 
serve as a fixation mark. Take such a position that the 
pendulum and its reflection shall be seen at nearly the 
same distance, and look at the pendulum as it swings. 
The rcflc^cted pendulum will seem to make somewhjit 
greater excursions, and to move a little faster in making 
them. Having observed this, •compare the two rates when 
the eye is steadily held at the fixation point. The quick- 
ening observed in Ex. 222 may appear in the peiiduluiu 
itself, but little if any difference can be observed between, 
the pendulum and its reflection.^ If a regularly rotating 
drum is at hand, the experiment may be made very (‘ou- 
veniently by covering the drum with paper lined over with 
heavy lines transverse to the direction of the motion of 
the drum, or with a strip of newspaper in which the 
printing is not too much broken, and observing through a 
couple of little windows cut in a cardboard screen pla(‘C(l 
close before the drum, one window being fixated and the 

' Fn first case, there is still another factor hositles the (lifferenee of 

ainl iialinM't vision ; nain<;ly, the opposite ilirection (►f the movements coiMi».'irc<l. 
The retinal ima;;e of tlie iion-fixated )>endnliim sweeps over the retina at 
its ]>roi)er rate, and nTHlerestiination of the rate of the fixated peiiduUim, if .'niy» 
w'ould also accrue to it. 
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other seen indirectly. This method has the advantage 
of having the movements to be compared take ])la(;e in the 
same direction. 

Exner, E ; Aubert, C, 302 ff. ; Dresslar ; Stern, 341 ff., 302. 

225. llclativity of AEovcment. In many cases tlie data 
for the perception of movement are equivocal; citlier of 
two interpretations is possible, and central or apperceptive 
conditions determine wliich shall prevail. Examples of 
this are frequently found o\itside the laboratory in the case 
of parallel railway trains, or in fording rapidly flowing 
streams, or when the clouds drive swiftly across the moon. 
Substitutes for these luive been prepared (Macdi, A, Go f. ; 
lJudde, 131 f. ; Wood) ; but the plienomcna are perhaps 
sufficiently well-known without further demonstration in 
tliis connection. In the following experiment, movement 
may appear to be divided between the moving object and 
that at rest. 

a. Move a pinliead along the imaginary line C 1) in the. 
figure below, keeping the eye constantly fixed on the pin- 
head as it moves. The line A B will seem to move down- 
ward and to the left as the pinhead goes from 1) to t7, and 
* iqjward and to the right as it goes from C to J). Steady 
fixation of the pinhead is essential; and a moderate rate 
of movement, which can be found by a few trials, gives the 
ht'st result. The right and left movement of A B may 
he. inc.reased by moving the pinhead in a line more nearly 
Imrizontal than C I), 

C 

A ♦ - ♦ * B 

n 

An oscillating movement of the line is to be observed 
wlien aT compass point is made to draw an imaginary arc 
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across it, cutting the line e /, for example, in the dotted 
arc (/ h i. As the point advances from g to h the line 
appears to take the position of e'/'; as the point traverses 
the region about h tluire is a change, and the line inclines 
in the direction of e” As before, constant fixation of 

the moving point is essential. 

For a somewdiat similar and still more striking experi- 
ment, see irelmlioliz, at the place cit(?d b(do\v. Of. also 
the apparent movements observed in the case of a pinhead 
moved over the Zollner ligure, Ex. JOl h. 

Helmholtz, vl, O. 711 IT., 70.‘1, Fr. 727 ff., 7S(3 (rWuS ff., 010); 
Ileriiig, Ay 557 If.; Wundt, A, 4te Aufl., IL, 15(3 f. ; Stern, 077 If. 



22G. Illusory Movcimmts of Objects at Ilest. Two more 
or less distinguishable kinds of illusory movenuuits of rest- 
ing objects are to be observed ; one in wliicli the eyes tlieiii- 
selves are moved in some unusual manner, and the otlier 
when their motion, if any, is slight, and fixation at least 
approximately constant. Fxamph\s of the first sort liavo 
been met in Exs. oO and 177; and tlie general ]> 7 *ineii)lo 
has been laid down, that when the line of regard is shifted 
voluntarily, olijects normally appear at rest, but when tlie 
shifting is involuntary, objects seem to move; many fur- 
ther illustrations may be found in Iloiipe, Cliapter 1. 
It is tlie second sort, however, tha,t will be considered hero. 

(f. Wavering of Feints and Small Objects under Long 
Fixation. Fiidv out a small and isohited speck upon tin* 
w^all or floor, and iixate it steadily for a considerable tinn', 
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but without straining of the eyes. After a while it will 
api)ear to move a little hither and thither, or to crawl like 
an inscctd Hoppe considers it duo to slight unconscious 
movements of the eyes, a sort of tremor of the eye muscles. 
Cf. Ex. 131. Exner, however, has been led by his experi- 
ments to believe it dependent upon an uncertain and varying 
localization of the retinal im^n’ession, which can, in case of 
very small or faint stimuli, reach a considerable extent.^ A 
somewhat similar movement apj)ears when the stars are fix- 
ated continuously, and has long been known to astronomers. 

h, Autokinetic Hensations. AVlien the faint fixated point 
is the only thing visible in the entire field, more c.ontinuous 
and extended movements are to be oliserved - seeming some- 
times as great as 20-30^. Sensations of movement of this 
kind have been called by Aubert autokinetic sensations.’’ 

Arrange the dark box as for Ex. 178, but make the light 
point very faint by covering the pin-hole with several 
thicknesses of iiaper on the outside. Set the box so that 
the eyes when lixating the lioint shall be in an uncon- 
sl rained jmsition. Cover the head and the top of the box 
with an opaque cloth so as to exclude all extraneous light. 
Fixate the point, and observe after a time the movement in 
question. Notice its extent, and that it takes place while 
the fixation is to all appearances unbroken. Charpentier 
rcjiorts several observations that justify this subjective im- 
pression of hxity of fixation. 


' rortioiifl of Iho wall or floor about the Bpcck may of ton stuun to move with 
it, the movement being a sort of slow flowing, Bometbing like that in the nega- 
tive after-image of motion, but not like that occurring in t)ne direction only. 
Kit^lit and loft movomonts have been chiefly noticed by the writer, but others 
very i)robably might bo found. 

- A very ‘faint rotimil .stimulation may bo compared in tlio wideness of its 
irradiation and tlio uncertainty of its location to a very faint dermal stimula- 
Uim ; it is, as it were, a retinal tickle. 'Fhe area airectetl Kxner calls the Circle 
of Actioy {Aktionskn-is), and any point in this may at one time or another fur- 
nish the local coloring for the point Been. ^ 
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Exiier’s explanation is, that in spite of the fact that fix- 
ation is continnoiisly (and even reflexly) maintained, the 
false localization mentioned in a is operative. If this takes 
place successively in one direction, it brings about a con- 
tinued voluntary effort at fixation, wliicli, while it causes no 
actual niovenieiit of the eyes, yet gives the impression of 
having done so. 

c. Movements of Itesting Objects viewed with Eyes in 
Constrained Positions. Fixate the ])oint of light as in />, 
but arrange tlie box so that in doing so tlie eyes shall 
be turned strongly upward or to oikj side. JVlaijitain tlie 
fixation steadily, and after a few seconds the point will 
appear to be in motion in the direction in which the eyes 
are turned. The apparent motion is dm*, to the growing 
fatigue (and perhaps to a ])artial, though unintentional, 
relaxation of the muscles), which is eontinuoiisly met by 
voluntary efforts of fixation. Tlie experiment can be made 
even more satisfactorily on a very small gas flame in 
a dark room. It sliows both tly3 tendency to lake intended 
movements for actual ones, and the dulness of the kimes- 
thetic sensations of the eyes in that they do not reveal the 
true condition of things.^ 

Charpeiitier ; Anhcrt, C; Exncr, A^ and tlie literature cited by 
him, On a, Hoppe, (\ § 1 ; Exiier, A. On r, H(!riiig (^Hilhibrand, 
ii, 150). 

2137. Illusions of Form depending on False Estimation 
of the Rate of Motion. Zbllner’s Anorthoscopic Illusions. 

a. In the Jiiiddle of a sheet of stiff jiajier cut a slit a 
couple of indies long by an eiglith of an inch wide. (>n 

^ Tliis apparent movement is of the same Km‘«ral nature as tluit observed by 
patients suffering from paralysis of the external reetns muscle of the eye. An 
experiment (le.signe<l to imitate tlieir eomlition more exactly is given by Mavli, 
Ay 57 (Japies, II., .5011) ; but, like Professor .lames, tlio writer has not Ij^ieen .siic- 
cess(^l in attempting to re[>oat the experiment. 
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another piece draw a heavy black circle an inch in diameter. 
Place the second sheet against the back of the first, and 
move it rapidly from side to side in a direction transverse 
to that of the slit, in such a way that tlie circle may pass 
completely across behind the slit, and be seen through it. 
It will appear as a narrow ellipse, with its sliort axis lying 
in the direction of movement.^ 

h. Kepcat the experiment just made, but this time move 
tlie circle very slowly. The result will be an apparent dis- 
tortion in tJie contrary direction. These illusions hold 
equally well with figures otlier than the circle. In both 
cases the distortion appears to depend on a false estimate 
of the rate of motion, similar to that found for touch in 
Ex. 12. 

Zollner, C ; Helnilioltz, A, G. 498 ff., 749, Fr. 465 ff., 770 (352 ff., 
605 f.) ; liering, A, 550 ff. 

228. I’erceptivc Inference of Motion. By this tenu is 
meant such perception of ^movement as takes ])lace when 
no continuous movement is presented, but merely isolated 
phases of one. Its type is the apiKurent movement seen 
in the stroboscope, zoetrope, and similar instruments.*'^ It 
stands midway between tlie cases in which movement is 
directly perceived and those in which it is entirely infer- 
ential ; the perception depends on separate phases, but 
remains nearly or quite at tlie level of piu-eeption. 

a. With the instrument at hand observe the conditions 
required to produce the appearance of simple moviunent of 


' This illusion of ZfJllnei-’s is to be carefully distiiiprislied from the ordinary 
anorthoscopic illusion of Plateau, in which the slit moves at the same time as 
the uiagrain, and in a contr.ary direction. In the latt >r the <listortion can be 
accounted for simply as a matter of positive after-images. For information on 
the Plateau illusion, consult the references at the end f the experiment. 

* The more perfect iiistruinents «»f this kimi, the kim toseope, vitascope, etc., 
are of Iftss psychological iiiterest, because the fdiases presente<l are j>rohal>ly 
indistinguishable as phases, oven under the most favor.ahle circumstances^* 
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the figures in their own stations, and of translation in the, 
direction of tlie rotation of the instrument and in the re- 
verse direction. Set the instrument in rapid movement, 
and observe the superposed positive after-images of several 
phases, noticing that the presence of several at the satne 
time interferes with the perception of the movement. 

For quantitative studies of some of the conditions of 
this illusion see Otto Fischer, and for notes oil the history 
and ai)plications of the stroboscope see both Ifischer and 
Grlitzner. 

b. When important phases are wanting, the perception 
of the whole is often but little disturbed. This may be 
tried with almost any set of zoetrope pictures, but will 
probably succeed best with one representing a familiar 
movement ; for example, in a strip representing a gym- 
nast turning a somersault through a paper circle held by a 
second figure. The figure of the gymnast may be removed 
from three, or even four, successive pictures when the 
whole number is only thirteen, without abolishing the per- 
ception of the movement. Tliose covered should be such 
as show the figure ])assing through the hoop; those re- 
tained should show the beginning and end of the leap. 
Careful observation, however, will make clear that the gym- 
nast disapx^ears for an instant, and there is also a certain 
liability that tlie original conception may be supplanted by 
another, i.e., that the pliases may be given a different inter- 
|)retation ; in this case, that the gymnast may seem to dis- 
ap])ear into the lioop, and then reappear again on the same 
side, as he might if the covering of the hoop were elastic 
and he were thrown back by it. 

A convenient way to remove the figure is to cut a stri}) 
of ymper a cou])le of inches wider than the zoetrope strip, 
and long enough to cover three or four pictures. Lay this 
paper strip on the picture strip, and fold the overlapping 
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edges around the latter, and crease them back so that the 
paper will hold its place on the picture strip. Then trace 
the parts of the pictures to be retained, line them in, and 
color them to match the rest of the band. Grlitzner used 

with success the figures of boys playing leap-frog. 

/ 

Helmholtz, A, G, 494 ff., Fr. 461 fif. (349 ff.); O. Fischer; Wundt, 
A, 4te Aufl., II.,. 159 f. ; Griitzner. 

229. Thompson’s Strobic Circles. The illusory motion 
in these well-known figures depends upon positive after- 
images, but in a way quite different from that noticed in 
Ex. 223. The important point here is the blurring to 
which they give rise. 



a. Concentric Circles. Give to the diagram above a 
circular motion in its own plane, like that given to a vessel 
when rinsing it. Tlie radius of the circle in which the 
movement is made should bo quite small, and the rate 2-4 
circuits per second. Observe the apparent rotation of the 
circles *(or, more exactly, of a couple of relatively clear cut 
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sectors), which takes place at the same rate and in the 
same direction as the movement given the diagram.^ 

As has been said,, the illusion is a matter of positive 
after-images. Sup])ose the diagram to be given a right 
and left jiiovenient oidy, in extent equal to the breadth of 
one ring. It is clear that any persistence of the images 
will tend to blur the parts of the circles most nearly per- 
pendicular to tlie line of movement (the vertical parts), 
while it will not affect at all those parts most nearly 2)ar- 
allel to lliat line (the horizontal parts), which will conse- 
quently rcniiain ch'ar cut. Thus arise the abovo-meiitioned 
sectors. If tlio movement is not quite right and left, but 
a little inclined toward the body at the right, it is evident 
that the n'gious most ch'ar and most blurivd will lie in a 
little diff(*>roTit position from tluit before occu})ied, and in 
general tliat as the direction of the movement is changed 
the position of the sectors Avill be corres])oudingly changed, 
and, further, that as movement in a circle is movement 
with a continual change in direc-tion, the positions of the 
sectors will also (diange continuously. In one complete 
movement of the diagram through its circuit the sectors 
will also have occupied once every position in the concen- 
tric circles, and the rates will therefore be the same. 

Moveanents of the eyes may produce the same rotation 
with a diagram at rest. This is easiest to get Avhen some- 
thing is mov('d rather slowly close to or actually on the 
surface of the diagram, and carefully followed with the 
eye. The illusion is very strong in indirect vision, and 
movements of the eyes in observing a moving diagram in 
the hand will often^ set going others seen indirec.tly and 
actually at rest. 

1 The sectors loay resemble somewhat tliose seen by tlie astigmatic eye, but 
are not rtiio to that defect. Astigmatism, however, complicates the appearance, 
and the description which follows would apply strictly only to the perfect eye. 
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h. Cog Wheels. Give to the diagram below a inove- 
iiient similar to that used in a, but of not 1(K) great extent, 
and observe in the wheel at the left a slow retrograde 
movement. In that at the right, Bowditeh and Hall re- 




port a still slower rotation in the same direction as that of 
the diagram ; the writer, however, has had pool* sn(*cess 
in getting this wheel to move.^ Tlic sann^ (dlei^t may be 
observed with rack-work like that below wluni given the 
same rinsing motion, the upper ra(*k moving to the left 
and the lower to the right when the rinsing movement is 
like that of the hands of a watch. 

The explanation that has been ollered for these figures, 


while perhaps deficient in some details, covers the chief 
])henomeiioii well enough. Tt is sim])lest in case of the 
rack-work, and rests upon two pi*o|ri.b]e assumptions, 

' These authors find a tendency to retrograde rotation in the wheel with out- 
ward cogs when tl»o rate ainl extent of tlie movement of the diagram are con- 
^^iderable. This seems to be easier to get, and something the same kind can 
l>e observed with the rayed figure of Kx. lOD a. 
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namely, that the moveiiieiit is judged from the cogs rather 
than from the bar of the rack- work, and that, the direction 
of the illusory movement will be suggested by that of the 
actual movement at sucli times as the cogs are most clearly 
seen. Suppose tlie diagram to be in motion in the way de- 
scribed, the direction being that of the hands of a watch ; 
and suppose, further, that the upper rack at the instant 
under consideration is at the uppermost point of its circuit. 
Jts movement for the instant just past has been upward 
and to the right, and the cogs have been rising into portions 
of the field occupied just before by the bar, and are there- 
fore confused with its after-image, and not plainly seen. 
The cogs on the lower rack, however, have been advancing 
into a new part of the field, have been seen clearly, and in 
movement towards the right; i.e., in the direction of tlie 
rinsing. These conditions continue more or le.^js unchanged 
during the instant following the point of greatest upward 
excursion. As the movement of the diagram progresses, 
however, the cogs of tlie uppen rack begin to advance into 
a fresh part of the field, and those of the lower rack to 
retreat into the after-image of their bar ; and this continues 
till the lowest point of the circuit is nearly reached, when 
the cogs of the upper rack are seen clearly, and in motion 
toward the left, i.e., in an oj^posite direction to the rinsing. 
In brief, when the upper rack-work is seen clearest it is 
moving to the left, and when the lower is seen clearest it 
is moving toward the right; and from these brief but clear 
observations the continuous movement is inferred^ The 
racks as here represented correspond to the upper and 
lower parts of the wheel with inside cogs ; and what was 
true of the racks at the upper and lower points of their 
circuit is true of some part of the circumference of the 
wheel all the time, — of that part, namely, whose cpgs are 
at the instant most distinctly visible. If the upper and 
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lower racks were interchanged, so that the teeth pointed 
outward, they would correspond to the wheel with outside 



s>o 

oooQpo 

oo oo 


cogs ; and the upper one ought, if the same principle holds, 
to give movement in the direction of that of the diagram, 
the lower in the contrary direction. 
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c. The first of the diagrams above (p. 317) shows a com- 
bination of the movements of both a and b. Tlie second 
and third show the increasing difficulty with decreasing 
number of teetli in the wheels. For yet other special 
observations, see the paper of Bowditch and TIall. 

Thompson, B ; Bowditch and Hall. Also the Scientific Ameri- 
can^ XLl., 1870, 85, 1:33. 

230. Chroniatokinopsia. Experiment of the Flutter- 
ing Heart.’ This experiment, like the last, depends on 
positive after-iinages, but of a peculiar kind. The experi- 
ment takes its naiiie from the figures with which it was at 
first performed, but others answer equally well. 

a. Prepare a diagram like that shown in the cut below, 



making the ground of red paper, the rings of blue of 
about equal brightness, the little circles of a variety of 
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other colors, arnd the heavy lines in black ink. Experi- 
iiieiit in a dark room (after allowing five or ten miiiiites 
for adaptation of the eye) or at night. 

Use a small gas or candle flame for illumination, holding 
the diagram a yard or two from the flame, and varying the 
distance if the effect is not secured. Give the diagram a 
short side to side motion in its own plane, moving it three 
or four times a second, and notice an apparent slipping or 
springing of the rings from side to side. Close obser^l^- 
tioii of the small circles of green or blue will show that it 
is not so mucli the colored figures themselves that move, as 
it is a whitish shimmering image that seems to rest upon 
tliem, and to hang back when the diagram is moved. 
Notice that the apparent movement is more marked in 
indirect vision. A convenient diagram for showing this is 
made by pasting a row of little blue circles on a strip of 
red cardboard. Some slipping of the remotest circles may 
be noticed, even when the diagram is shaken in a no 

darker than a well-shad owe<l corner of the room. Observe, 
on the small circles, that all colors do not show the phenom- 
enon equally well. The general effe(*.t is the same when 
the colors of the ground and the rings are reversed (blue 
ground, red rings) ; but the whitish image is no longer to 
be seen, ami the ])arts of the rings at right angles to the 
direction of motion are darkened. With this combination 
of colors white cross-lines should be used instead of black. 
The black or white lines are relatively fixed, and thus ren- 
der the apparent movement of the colors more easily dis- 
cernible.^ 

h. Gray Figures on a Colored Ground and Colored Fig- 


^ An early explanation of the illusion referred it to chromatic aberration, 
and has recently been revived in more developed form. While it is probably 
*i co*oper|tting factor, it is certainly not the sole, nor even the most important. 
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ures on a Gray Ground show the same slipping, The gray 
apd the color should be about equally bright. If gray rings 
are not at hand, prepare a diagram like that below by past- 
ing on the colored ground gray strips about 2.5 mm. wide, 
and ruling heavy black lines across.^ Observe in a dark 



room as before. Try also with diagrams in which the 
ground is gray and the figures colored. 

c. Gray Figures on a fllack Ground. On a ground of 
black velvet fasten a small circle of black cardboard (e.g., 
about 4 cm. in diameter), and concentric with it a small 
circle of white paper (about 1 cm. in diameter). A jelly- 
like slipping of the cardboard will be observed when the 
diagram is shaken. Stronger light is required for tliis 
experiment than for most of the previous ones, a tolerable , 
result being obtainable in q, well-shadowed corner of .the 
room hy daylight. The character of the illusory move- 
ment also seems diffei^nt. It is hardly necessary to say 
that black ” cardboard is really a very dark gray. It is 


1 If the ground is blue, use vrhite lines instead of black ; for on tbebli^^ ground 
black lines themselves may seem to move. 
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possible under favorable circumstances to get a slipping 
even of a grille work of white paper on a background of 
black velvet. 

Experiments b and c exclude chromatic aberration, and 
favor an explanation depending in some way on retinal 
inertia. The apparent slipping is due to a lag in the reti- 
nal response — to a delayed after-image, as it were, but 
something difPerent evidently from the ordinary after-image. 
The flickering in a and b is regarded by Szili as a contract 
phenomenon. The matter deserves further investigation. 

Wlieatstono, Ilclmlioltz, G. 533 f., Fr. 504 (383) ; Mayer- 
hausen ; Szili, A and 7i ; Scliapriiigcr. 

231. Equivocal Movement Depending on Equivocal Re- 
lief. Sinsteden observed this upon windmills ; but the ex- 
periment can easily be made in the laboratory by setting 
the disk used in Ex. 223 b in slow rotation, and viewing 
it with a single eye from a position several yards distant 
and nearly in its own phuie. If the disk actually faces 
the left, and the movement is like that of the hands of a 
watch, a slight effort only will be necessary to make it. 
seem to' face the right with a contrary movement. For still 
other illusions affecting rotations, see the brief paper of 
Nichols, and Mach, /I, 99 f., f 02. 

Helmholtz, d, G. 770, Fr. 795 (G26). 

Visual Similarity asd Symmktry. 

These topics lead at once to questions of esthetics which 
lie beyond the scope of the xiresent chapter. They throw 
light, however, uxion the general question of the visual per- 
ception of figure, and are treated hdt’e for that reason. In- 
formation on their jDsycho-iihysiology is owed chiefly to 
Mach. 

232. Visual Similarity. Figures are alike for vision, 
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i.e., look alike, when they present equal extents in like di- 
rections. If the lirst condition is not fulfilled, the figures 
are seen to be similar, but different in size ; if the second is 
not fulfilled, they may be known to be alike, but are not 
immediately seen to be so. This will be evident from tlie 
figures below. It is only after thinking of how the cen- 
tral square would look from a position 45° to the right or 
left, or perhaps after still more complex mental operations, 
that we convince ourselves of the identity of the figures. 
In much the same way the similarity of perspective figures 



is recognized, e.g., that of the sides of the cube in Ex. 188 
h ; in both instances the perceptive process is evidently 
not at its simplest. 

These requirements of visual similarity in the last 
analysis lie chiefly in the likeness of retinal images and 
eye-movements, perhaps also in part in the likeness of the 
kinaesthetic sensations of the hands in touching or tracing 
similar figures. 

Mach, 43 ff. 

233. Visual Symmetry. Symmetry is similarity* of a 
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special kind — likeness of extent from a particular line or 
point. It is most common and striking when the equal 
extents lie oft either side the median plane, as in the fig- 
ures below.^ 



The same is to be observed almost without limit in arch- 
itectural and other decorations, and even holds, as Soret 
shows, with simple lines. The first and tliird of these fig- 
ures give a distinctly different impression from the second 
and fourth. 


Tlie extreme likeness of right and left directions is re- 
s])onsible for the mistakes of children with p and q and b 
and d, and for the elaborateness of the process through 
which some adults must go to tell which hand is right and 
which left. 


' All tl»o llgiires of this experiment, except the straight-line figures next fol- 
lowing, are Japanese coats-of-arms taken from the Annales (hi Mus^e (Juimet^ 
liihliotMque d^htadesy T. TIT., — Coffra A THsor attrilm^ au Shdgoun lyt’-Yoshi 
{1838-li853)y tAiide h^raldique et historiqucy par de Milloui et JKawamoura, 
Paris, 18D6. 
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. Pure cases of symmetry about other axes than the verti- 
cal are sometimes found, but they are less common and less 
simple in manner of perception. Combined* vertical and 
horizontal symmetry is, however, by no means uncommon. 



Symmetry with reference to a single point — centric 
symmetry — is not uncommon, especially when combined 
with symmetry about the vertical axis. 

The letters of tlie alphal)et, as Mach has noticed, sliow 
symmetry of several sorts in their general plan : About a 
vertical axis, AHIMTUVWXY; about a horizontal axis, 
B C D E H I K X ; about a centre, w s Z. O shows symmetry 
of all sorts, and F G J L P Q R are asymmetric. 



The importance of eye-niovements, and of the symmetry 
of the visual apparatus itself, is clearer perhaps in the 
case of symmetry than of similarity ; but it must not be 
overlooked that not only our own persons, but nearly all 
the world besides, is symmetrical in plan. 

. .Mach, A, 45 ff. ; Soret ; Pierce. 


FIS&li PERCMPTION OF SPACE, ETC. 325 


BIBLIOGRAPHY. 

Abber: Ueber i^ie Bedeutung der Convergonz- und Accommodations- 
bewegangen fUr die Tiefenwahrnehmung, Wundt’s Philos. Studien^ 
XIII., 189G-?)7, 116-lGl, 222-304. 

Aubbrt; a. Grundziige dcr physiologischcn Optik, Leipzig, 1876. 

B. Physiologie der Netziiaut, Breslau, 18(i5. 

C7. Die Beweguiigseiiiplindung, Pfliiger’s ArehiVy XXXIX., 1886, 
347-370; XL., 1887, 469-480, 623. 

Auerbach : Erklarung der Brontanoschen optischen Tiiuscliuiig, ZeiU 
schriflfur Psychologies VII., 1894, 152-lf)0. 

Baldwin: The Effect of Size-contrast ux)on Judgments of Position in 
the Retinal Field, Psychological Reviews II., 1895, 244-259. See also 
Sciences N.S. IV., 18fJ0, 791-796. 

Beaunis ; Nouveaux ^llements de Physiologie Humaine, Paris, 1888. 
Von Bezold: A. The Tlieory of Color, Boston, 1876. 

B. Eine perspectivische Tiiuschung, Wiedemann’s Annaleus XXIII., 
1884, 351-<152. 

Van Biervliet; Nouvelles mesures dos illusions visuelles chez lea 
adultes etles enfants, Revue philosophiques XLI., Jan.-Juin, 1896, 
169-181. 

Binet: La mesuro dcs illusions visuelles chez les enfants, Revue phU 
losophiquCs XL., Juillet-Dec.^1895, 11-25. 

Bourdon: Exx^eriences sur la perception visuolle de la profondeur, 
Revue philosophiquCs XLllI., Jan.-Juin, 1897, 21M35. 

Bowditch : “ Vision ” in An American Text-Book of Physiology, Phila- 
delphia, 1896. 

Bowditch and Hall : Optical Illusions of Motion, Journal of PhysU 
ologys III., 1880-82, 297-307. 

Bowditch and Southard: A Comparison of Sight and Touch, Journal 
of Physiology s HI., 1880-82, 232-245. 

Brentano: a, Ueber eiii optisclics Paradoxon, Zeitschrift fur Psy-- 
chologies III., 1892, 349-358; V., 1893, 61-82. 

B., Zur Lehre von den optischen Tauschungen, ihid.s VI., 1893-94, 
1-7. 

Brewster: A. The Stereoscope, its History, Theory, and Construction, 
with its application to the fine and useful arts and to education, 
London, 1856, pp. iv. 235. Contains a chapter on the e^rly history 
of the theory of binocular vision ’and the stereoscox)e. 

B. On the Conversion of Relief bylnverte<l Vision, Phil. Mag., Ser. 
3, Jan.-June, 1847, 432-437. Contained also in the work on 

the stereoscope. 



826 , L4BQ^AT0Rr COURSE IN PSTCHOLOGT. 

BrOckb: Vorlesungen uber Physiologie, 4te Aufl., Wien, 1885*1887. 
Brunot: Lea illusions d’optique, Revue scient{fiquey LIT., 1893, 210-212. 
Budde: Ueber metakinctische Scheinbowegungen und iibcr die Walir- 
nehmuiig dcr Beweguiig, Du liois-Reyrnond ’s Archiv, 1884, 127-152. 
Burmestkr: Beitrag zur experimentolleii Bestiinmuiig geometrisch- 
optischer Tauschungen, Ze,itschr\ft fur Psychologies XII., 1896, 355- 
394. On Poggendorff’s illusion. 

Charpentier: Sur uno illu.sioii visuclle, Comptes re?idus, CII., 188f>, 
1155-1157. See also, Nouveaux faits a propos du “ balanceinent dus 
etoilcs,” ibid., 1462-1464. • 

Delbocuf: a. Note sur certaiiies illusions d’optiquo, Dull, de I ’Acad, 
roy. de Belgique, 2® seric, XIX., 1865, No. 2, 195-216. 

B. SecoTide note sur do noiivelles illusions d’optique, ibid., XX., 
1865, No. 6, 70-97. 

C. Sur une nouvelle illusion d’optique, A’evwe scientijique, LI., 1893, 
237-241. 

Dixon : On the Kelation of Aecominodation and Convergence to our 
Sense of Depth, Mind, N.S. IV., 1895, 195-212. 

Dressear: a New Illusion for Touch and an Explanation for the Illu- 
sion of Displacement of Certain Cross Lines in V'ision, American 
Journal of Psychology , VI., 189;3-95, 275. 

A New and Simple Method for Comparing the I'erception of Halo of 
Movement in the Direct and Indirect Fields of Vi.sion, ibid., 312. 

Du Bois-Rkymond, C.: Ueber Briickes Thcorie des kdri3erlichcii 
Sehens, Zeitschrift fiir Psychologic, II., 1891, 427-437. 

DvoflA.K: Ueber Analoga der persdnlichen Differenz zwi.scdien beideii 
Augen und den Netzhautstellen desselben Auges, Sitz.-ber. d. k. 
bdhm. Gesells. d. IFw. in Prag ; Jahrgang, 1872, Jan.-Juni, pp. 65-71. • 
See also American Journal of Psychology , VI., 189.‘l-95, .575 IT. 
Einthoven : On the Pro<luction of Shadow and Perspective Effects by 
Difference of Colour, Brain, XVI., Pts. Ixi., and Ixii., 1893, 191-202. 
Exner: a. Ueber autokinctLsche Emplind ungen, 'Zeitschrift fur /V//- 
chologie, XII., 18iKi, 3J3-3;J0. 

if. Ein Versuch tiber die Netzhauti>eriphorio als Organ zur Waln- 
nehmung von Bewegungen, Pjiiiger’s Archiv, XXXVIII., 1886, 217- 
218. See also several of the papers of Exner cited after Chap. V. 
Fechner : Elemente der Psychophysik, Zweite unvcranderte Auflai^f, 
Leipzig, 1889. 

Filehne: Die Form des Himmelsgewdlbes, Pfliiger’s Archiv, LTX - 
1894, 279-;308. Contains a brief historical account of the older lit- 
erature of the question. 

Fischer, O: Psychologische Analyse der stroboskopischen Eischeiim**- 
gen, Wundt’s Philos. Studien, III., 1886, 128-156. 



VISUAL PERCEPTION OF SPACE, ETC. 327 

Fischer, R.: Grossenschatzungen im Gesichtsfeld, von Graefe's Av- 
chiv, XXXVII., 1891, i.,97-1.%; iii., 55-85. 

Von Flkischl : l*hysiologisch-optis(!ho Notizeii (‘Jte IVI itUioiluiig), Sitz.- 
hcr. d. k. AkadvinUi d. iri****. i. Wieiiy inath.-nat. Clause ^ LX XX VI., 
1882, iii., 8-25. 

Franklin, Christine Ladd: A Method for the Experinieiital Dctcr- 
iniiiatioii of the IForopter, American Journal of Tsycholofpj^ I., 
1887-88, 99-111. See also Science, X.S. 111., ISIXI, 274. 

Greeff: Untersucliungeii iiher hinokiilaro.s Selieii uiit Aiiweinhiiig dos 
Hcringsclien Fallversuchs, Zeitschri/t fiir l*sycholoyle, III., 1891- 
92, 21-47. 

GrOtznkr: Einige Vcrsuche mit der Wimderseheihe, Pjliif/er's Archiv, 
LV., 1898-91, 508-520. 

Guye : L’illusioii d’optiquo dans la figure de Zollner, lievuc scienlijique, 
LI., 1898, 598-594. 

Helmholtz : A. Ilandbiicli der physiologisclicn Optik, 2te Aufi., llani- 
burg und Leiiizig, 1880-90. French translation of the first edition: 
Optique pliysiologicjiie, Paris, 1807. 

H. Popular Scientific licctures. First Series, New York, 1885. 

Herino: A. Dcr Kaunisinn und die llcAvegiingen dcs Aiiges, llcr- 
inann’s Ilaiidbucli der Physiologic, III., Th. i., 348>-001. 

/>’. Ilcitrage zur Physiologic, Leipzig, 1801-04. 

IIeymans: a. Quantitative Un^ersncbnngen iiber das “ optisclio Para- 
doxon,” Zeitschrift fiir Psycholoyie, IX., 1895-90,221-255. 

Ji. Quantitative Untersuchungen iiber die Zollncrsche und die Loeb- 
sche Tauschung, i5uf.,XIV., 1897, 101-139. 

Hillerrand: A. Die Stabilitiit der Ilanin werte anf der Netzbaut, Zeit- 
schri/t/ur Psychologies V., 1898, IHIO. 

B. Da.s Verb iiltnis von Acconiiuodatioii und Ktaivergeiiz zur Tiefeii- 
lokalisation, ibid., Vll., 1894, 97-151. 

IIoeler: Kruimnuiigskontrast, Zeitschrift fiir Psychologies X., 1891), 
99-108. 

Holtz: Ueber den uiimittelbarcn Grosseneindruck in seiner Tleziclinng 
zur Entfernung und zuin Contrast, Gottinger Nachrichten, 1898, 159 
107, 496-5(H. 

Hopkins: Experimental Science, New York, 1890. Also article in tbo 
Scientific American, LXTIL, IHIK), 400. , 

Hoppe, J. I.: A. Psycbologiscli-physiolngische Optik, Lei])zig, 1881. 

B. lleitrag zur Erkliining des Erbeben- und Vertieft-S(‘bcns, Pjlii- 
ger\s Archiv, XL., 1887, 52:V5.82. 

C. Dio Schein-Bewegungen, Wurzburg, 1879, pp. xii., 212. 



328 LABORATORY COURSE IN PSYCHOLOGY. 


Hyslop: a. On Wundt’s Theory of Psychic Synthesis in Vision, Mind, 
Scr. 1, Xin., 1888, 499-526. See also other articles by Hyslop, ibid., 
XIV., 1889, 393-401, and XVI., 1891, 54-79. 

B. Experiments in Space Perception, Psychological Review, I., 1894, 
257-273, 581-601. 

Jamks: Principles of Psychology, New York, 1890. 

Jastiiow; a. A Study of Zollncr’s Figure and Othcr’Related Illusions, 
AmeHcan Journal of Psychology, IV., 1891-92, 381-398. See also 
abstract in Nature, XLV I., 1892, 590-592, and Revue scientijique, L., 
1892, 68<M)92. 

B. On the Judgment of Angles and Positions of Lines, American 
Joumial of Psychology, V., 1892-9.3, 214-223. 

Judd: Some Facts of Binocular Vision, Psychological Review, IV., 
1897, 374-389. 

KiRStmMANN: Dio Parallaxo des indirecten Sehens und die spaltfor.. 
migen Puiiillcn der Katze, WundVs Philos. Studien, IX., 1893-94, 447- 
495. 

Knox and AVatanabk: On the Quantitative Determination of an Op- 
tical Illusion, American Journal of Psychology, VI., 189.3-95, 413-421, 
509-514. 

Von Kriks: Beitriige zur Lehro vom Augenmass, Beitrilgo zur Psy- 
chologio und Physiologic dor Sinnesorgane (Helmholtz Festgruss), 
Hamburg und Leipzig, 1891,^ 173-193. 

Kundt : Untersuchungeii iiber Augenmaass und optische Tauschungen, 
Poggendorf’s A finale ft, CXX., 1863, 118-1.58. 

Lanok, N. : Beitrage zur Theorio der sinnlichen vXufmerksamkoit und 
der activeii Apperception, Wundfs Philos, Studien, IV., 1888, 405 IT. 
Laqukur: Ueber pscudentoi)tischo Gesichtswahrnehmungen, von. 

Graefe's Arvhiv, XXXVI., 1890, i., 62-82. Contain.s liistorical refer- 
ences. 

LAska ; Ueber einige optische Urthcilstauschungen, Du Bois-Reyniond's 
Archiv, 18<X), .326-.328. 

Lk Conte: A. Sight, New York, 1881. 

B. On an Optical Illusion, Phil. Mag., Scr. 4, XLI., Jan.-June, 
1871, 266-269. 

C. On some Phenomena of Binocular Vision, No. XII.: Some Pecu- 
liarities of the I*hantom Images formed by Binocular Combination 
of Regular F’igures, American Journal of Science, Series 3, XXXIV., 
1887, 97-107. 

-Lipps: A. Ueber eine falscho Nachbildlokalisation und damit Zusam- 
menhangendes, Zeitschrift fiir Psychologie, I., 1890, 60-’74; ID., 
1892, 49.3-498. See also ibid., II., 1891, 164-179 (especially J64-167), 
and III., 1892, 398-404. 



VISUAL PERCEPTION OF SPACE, ETC. 329 


J5. Aesthetischo Faktoren der Raumanschauung, Beitrago zur Psy- 
chologie und Physiologic der Sinncsorgane (TTclmholtz Festgruss), 
Hamburg und Leipzig, 1891, 219-;i07. For an abstracjt of this paper 
by Lipps himself, see Zeit.f. Psy., HI., 1892, 219-221. 

D. Optische Streitfrageii, Zeitschrift fur Psycholoyie, III., 1892, 
493-504. 

Lokb: a. Uober die optische Inversion ebener Linoarzeichnungen bei 
einiiugiger Betrachtung, Pfliiger's Archiv, XL., 1887, 274-282. 

B. Untersuchungen iiber die Orientirung ini Fuhlrauiii der Hand 

und im Blickrauin, XL VI., 1890, l-4(). 

C. Ueber den Nachvveis von Contrastersclieinungon ini Gebieto der 
Raumemiifindungcn de.s Auges, ibid., LX., 1895, 509-518. 

Mach: A. Boitriige zur Analyse der Eiiii»liiidungen, Jena, 1880, 8vo, 
X»p. vi., 108. Also in English, translation by C. M. Williams, Chi- 
cago, 1897. 

B. Ueber die Wirkung der raumlichen Vertheilung dcs Lichtreizes 
auf die Netzhaut, Sitz.-her. d. k. Akadeinie d. ll’os.s. /. ir/c/t, math.~ 
nat. Clause, LII., ii. Abth., 18(>5, .303-322 ; LIV., ii. Abth., 18(30, 131- 
144; ibid., 393-408; LVII., 1808, 11-19. 

C> Beobachtungen iiber monocularo Stereoskojiie, ibid., LVIII., ii. 
Abth., 18(38, 731-73(). 

D. Ueber das Sohen von Lagen und Winkcln durch die Bewogung 
dcs Auges, ibid., XLIII., ii. Abth., 1801, 21.5-224. 

Martius: Ueber die scheinbare Grosso der Gegenstiindo und ihro Bc- 
zieliung zur Grosso dor Net*zhaut bilder, Wundt* a Philoa. Studien, 
V., 1889, (301-<il7. 

MARTiir.s-MATZDORFF: Ilic intoressaiite.sten Erschciiiungen dor Stereo- 
skopie, 2d edit., Berlin, 1889. Thirty-six diagrams, with explana- 
tory jiamxdilet oC thirty-live pages. 

Mayf.rhausex : Studies on Chromatokiiiopsias, Archwe.s of Ophthal- 
mology, XIV., 1885, 81-90. 

Messer: Notiz iiber die Vergleicliung von Distanzen nacli dern Augen- 
maass, PoggendorJJ 'ff Aiinuh n, CLVll., 1870, 172-175. 
Muller-Lyku: A. Optische Urthcilstiiuschungen, Du Bois-licymond* s 
Archiv, 1889, Supxjlciiient-Band, 203-270. 

B. Zur Lehro von den optischen Tauschungen ; Ueber Kontrast und 
Konfluxion, Zeitschrift fur Psychologic, IX., 1895, 1-10. Reply to 
Laska, Brentano, Lipps, Wundt, and Dclbmuf. 

C. Ueber Kontrast und Konfluxion (ZwciterArtikcl), ibid., X., 1896, 
421-431. Rei)ly to Heym.ans. 

MOnsterbero : Augeninass, BeitriigG zur crpcrlmentellen Psychologie, 
Heft 2, 1889, 125-181 . 

Munsterberg and Campbell: The Motor Power of Ideas, Psychologi- 
cal Review, I., 1894, 441-463. 



330 LABOUATOnr course in pstcuology. 


Nichols: Certain Illusions of Rotation, Proceedings of (he American 
Psychological Association, pp. 8-9. (First Annual Meeting. Phil- 
adelphia, 1S92. rul). by Maeniillan Co., N.Y.) 

Oppkl: P . U(d)c*r <‘in ^Vnaglyptoskop (Vorriehtung, verticfto Fornicu 
erluiben zu sehon), P<iggcmlorjf'\s Annalcn, XCIX., 185(), 4(56-480. 
Pierce: ^Esthetics of Simple Forms, (1) Symmetry, Psychological i?e- 
view, 1., 1804, IH-'J-lOo. 

Qttantz: The Inlliienees of the Color of Surfaces on our Estimation of 
their INEagnitiide, American .Toiintal of Psychology, VII., 1805-0i;, 
2()-41. 

Rivers: On the Apparent Size of Objects, Mind, N.S. V., 181X5, 71-80. 

Rogers: A. Observations on Riiioeular Vision, American Journal of 
Science, Series 2, XX., 18.V), S(»-08, 201-220, r)18-;’.:;r) ; XXT., 1850, 
80-05, IT.J-ISO, 4;;o (errata, p. viii). 

/). Some ExperiimMils and Inferene(‘,s in Regard to Rinocular Vi.sion, 
ibid., Serit's 2, XXX., 1800, 587-500; or Proc. Amer. vl.s‘.9oc., 1800, 
187-102. 

C. On our Inability from the R(‘tinal Im])ression alone to detormino 
V'bich Retina is lmpr(‘ssed, Proc. Amor, vl.s'.s’oc., 1800, 102-108; or 
Amcr. Jonr. Science, Ser. 2, XXX., 1800, 404-400. 

Rood: On the Relation between onr Perception of Distance and Color, 
American .lourna! of Science, Ser. 2, XXXII., 1801, 184-185. 
Rouse: The Visual P<*rc('ption of Distance, Kan.ms University Quar- 
terly, V., 18<M), 100-117. 

SciiAPRiNfiKR; Zur^rio'erio der “ Flattcrndcn Her/.en,” Zeit.'ichrift fil.' 
P.'nychologie, V., 1805, 585-5SM;. 

SriiARWJN t:.ND Novizkt; Teber den scbeinbarc)) (Inis.sen woch.sel der , 
Nachbilder im Auge, Zeitschrift fiir J^sychologic, XI., 181X), 408-409. 

ScHo.v: A. Znr ladire vom bimuMilaren imlir<!cten Sehen, von (Iraefe's 
Archiv, XXir., 1870, iv., ,”il-02. 

71. Znr Lelire vom biiiocularen Sehen, JI. Anf.satz, ibid., XXIV., 
1878, i., 27-i;iO. 

C. Zur Leliro vom biiiocularen Sehen, 111. Anf.satz, ibid., iv. 47 

110 . 

Soret: Dos Conditions idiysiqucs do la Perception du Roau, Geneva, 
1802. 

Stern: Die 'Wabrnebmnng von Bewegungen vc^rmittidst des Aug<'s. 

Zeitsehrift fiir Psychologie, VII., 1804, .521 -.‘JKi;. 

Stevens: A . I’be Stereosi-opi* ami V^isiiin by Optic Divergence, Anar. 
Jour. Seienee, Series 5, XXII., 1881, 558-;'>02, 44.'5-451. 

7>'. Notes on lOiysiologieal Optics, ibid.. Series 5, XXIII., 7882, 20“ 
302, 346-300; XXIV., 1882, 241-247, 331-335. 



VISUAL PERCEPTION OF SPACE. 


831 


(7. riiysiological Perspective, Phil. Mag., Ser. 5, XIII., Jan.- June, 
1882, 

Stratton : Some Preliminary Experiments on Vision without Inversion 
of the Retinal Image, Psychological Keviev), III., I.SIK), (>11-()17. See 
also further discussion by Hyslop and otliers in Vol. IV. of the same 
journal, and Science N.S. II. 

Sully; Illusions, New York, 1882. 

SzTLi: Zur Erkliiruiig der “ Flatternden Herzen,” Du Dois-Rey- 

mond^s Ai^chiv, 185)1, 157-lG.‘h 

B. ‘‘ Flatternde Herzen,” Zeitschri/t /Hr Psychologic, Ilf., 18‘Jl-5)2, 
359-887. 

Thiery; Ueber geomctrisch-optischo Tilusclningon, Wundt's Philos. 
Studien, XI., 1895, 307-370, G0.8-G20; XII., 185H;, (J7-12G. 

Thompson, S. P.: A. On the Chromatic Aberration of tl»e Eye in nda- 
tion to tlie Perception of Distance, Phil, Sen*. 5, IV., July- 

Dee., 1877, 48-(K). 

B. Optical Illusions of Motion, Brain, II f.. ISSO-81, 289-25)8; also 
Popular Science Monthly, XVIII., 1880-81, r)15)-r)2G. 

Wallknbkro: Der“Le Cat’.s<die Vensuch” nnd die Krz(‘ngung far- 
biger Schatten auf der Netzhaut, Pfliiger's Archiv, X LVIII., 185K)- 
91, 537-.'»43. 

Waller: A New (Vdour-contrast Experiment, Jou7'n<(l of Physiology, 
XII., 1891, xliv.-xlix. (Proceedings of the Physiological Society, 
Juno 20, 1891.) 

Warren ani> Shaw: Further P^xperiments on l\reniory for Square Size, 
Psychological Ileview, II., 185)."», 2.‘»5)-241. 

Washburn, Mauoauet F. : The Perceptioii of Distance in the Inverted 
Landscape, Mind, N.S, HI., 185)4, 438-440. 

Wheatstone: .1. (huitributions to the Physiology of Vision, Part I. 
On Some Remarkable and hitherto unobserve«l Plienoimuia of Binoc- 
ular Vision, Philosophical Transactions, 18.38, pt. ii., 371-.'>5)4. Also 
Pogg. Ann. {Ergiinz. P»d. I.), 1842, 1-48, and Phil. Mag., Sct. 4. HI., 
dan.-June, 1852, 241-2G7. 

B. Contributions to the Phy.siology of Vision, Part H., On Some 
Remarkable and hithefto ITnob.servcd Phenomena of Binocular Vis- 
ion, Philosophical Transactions, 1852, 1-17 ; l*hil. Mag., Ser. 4, HI., 
Jan. -June, 1852, 50-1-523. 

C. On Ot Singular Effect of the Juxtaposition of Certain Colours 
under Particular Circumstances, with remarks by Sir D. Brewster, 
Brit. Aa- 50 C. Rep., 1844 (Pt. 2), 10. 

Wooi>:, The “Haunted Swing” Illusion, Psychological Review, II.,, 
1895, 277. 



332 LABOBATOTtY COUBSB m PSYCHOLOGY. 

Wundt: A. Gruiulzugo der physiologischon Psychologio, 4te Aufl., 
Leipzig, 

B. Leitriige zur Thoorio der Smiieswahrnehinuug, Leipzig und 
Heidelberg, 18()2. 

Zollnek: a. ITebor ehie iieue Art von Pseudoskopio und ihre Bezie- 
liungen zu den von Plateau und Oppol beschriebenen Bewegungs- 
phiiiiomcnen, Poygeudortr s Atinalen^ CX., 18b(), 500-^523. 

B. Ueber die Abliiingigkeit der pseudoskopiselien Ablenkung 
paralleler Linien von dein Noigungswinkel der sio durchschneiden- 
den Querlinicn, ibid., CXIV., 1831, 587-591. 

Ueber eine neue Art anortlioskopisclier Zerrbilder, ibid.^ CXVII., 
1832, 477-484. 



WEBi^R'S LAW. 


883 


CHAPTER VIIL 

Weber’s Law and the Psychophysic Methods. 

Tiik purpose of this chapter is uot an extended treat- 
ment of these most technical and still debated matters, but 
simply the bringinj^ together of a few demonstrations of 
the general nature of Weber’s law, and the suggestion of a 
few practice experiments for the psychophysic imdfiods, 
with their necessary precautions, and exami)h‘s of tlie 
treatment of the results obtained. For tins reason refer- 
ences to literature need not go l)eyond the text-books 
(Wundt and Kulpe, for exam])h‘), and a few easily accessi- 
ble special artiedes. Should fulhn* information bo desired, 
the student will not fail t9 go to original sources in Fech- 
ner, G. ‘E. ]Muller, *and later articles by several hands in 
Wundt’s Phlloso2)hische tStudlen. 


Webkk’s Law. 

Weber’s original discovery was that ability to distin- 
guish stimuli depends, not on their absolnfey but on their 
relative, difference. If, for example, the pressure of four 
ounces on one hand could just be distinguished from tliat 
of three ounces on the other, the jiicssure of four pounds 
would be just distinguishable from that of three pounds, and 
the same with other weights in the same ratio. It has 
also been found that when the question is not one of just 
observable differences, but of those much larger, the same 
prihcjple of relativity holds. If, for example, a series of 
lights must be adjusted in such a way that the increase 
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of brightness from light to light shall seem equal in each 
case, it will be necessary to multiply the intensity each 
time by a constant factor, not to add to it each time a fixed 
amount. In general, in order to increase sensation by 
equal increments, it is necessary to increase the stimulus 
by proportional increments ; or, in other words, to increase 
sensation in arithmetical ratio, it is necessary to increase 
the stimulus in geometrical ratio. 

The law thus formulated is an empiric/iil law unifying a 
considerable number of facts. It holds tolerably for me- 
dium stimuli of several kinds. With very large and very 
sm’all stimuli it holds imperfectly, and with some stimuli it 
cannot be demonstrated. 

The gcmeral nature of the law is shown most easily in the 
case of visual intensities. 

234. Demonstrational Experiments for Weber’s Law. 

a, Trans])aren(des. Provide a phot.ograidiic transpar- ’ 
ency of a scene or objecd presenting a few very faint shad- 
ows or slight differences in shading. (One in the Clark 
laboratory shows a gray stone church with a number of 
slight discolorations on the roof.) The perception of these 
de 2 )ends on the perception of the difference of intensity 
in the light coming through them and through adjacent 
parts of the transparency. To make a test of the law, i 
therefore, it is oidy necessary to examine them under 
varied conditions of illumination. Try, for example, wlam 
the transparency is before a shaded white wall, before the 
same diffusely lighted, and before the same in strong light, 
taking care to avoid, as far as possible, reflections from the 
front surface of the glass. The shadows will be found about 
equally distinct in all cases, after the eye has become ac- 
commodated to the change. Tlie reflection can be avoided 
in part by looking at the transparency through a half-inch 
hole in a large piece of black cardboard. A variable back- 
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ground can also be made by placing a large piece of white 
cardboard in tlie sunlight and changing its inclination. 

Try also against a bit of clear sky near the sun. The 
finer shadows will be seen less well, or may entirely disap- 
pear, showing the failure of the law with stimuli of great 
intensity. Try also with full sunlight. 

A similar test may be made by repeating Ex. 140 h under 
varying conditions of illumination. 

I, Demonstration with Disks. It is not difficult to pro- 
vide a gradation of intensity Avith rotating disks. On a 
disk constructed to give a geometrical increase of intensity 
from centre to circumference, the medium gray ought, if 
Weber’s hnv holds, to stand lialf-way out from the centre ; 
and such is the case. The following figures represent disks 
of this kind constructed by Kirschmaim. 



B 

A gives a gradual increase in intensity from centre to 
(‘ireumference. B shows a gradual decrease. It is con- 
vcuiient to have also for comparison a disk in which the 
f liange is in arithmetical ratio. Such a disk is shown in 
below. D gives the same geometrical gradation as -4, 
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but Avitli a different arrangement of tlie black on the disk ; 
the result in both is the same. 

Helmholtz, G. 384 ff., Fr. 411 ff. (309 ff.); Belboeuf, 91 ff.; 
Kirschmanu. 



235. Irradiation. The form of this phenomenon, whicli 
consists in the enlargeiuent of bright areas jit the expense 
of adjacent dark ones, is known as J^ositlnr Irnidiatloiu , 
and, as usually explained, furnishes an interesting illnsl ra- 
tion of Weber’s law. An enlargement of lines and points 
at the expense of adjacent areas, either light or dark, sojih'- 
times called Nefjatlve Irradiation, though Avholly unrelait'tl 
to Weber’s law, will also be considered in this connection. 

a. Positive Irradiation. Diagrams like that on the op- 
posite page, when strongly illuminatecl and viewed from a 
little distance, show the white square slightly larger than 
the black, though both are actually of a size. 

The enlargement is unmistakable when a diagram pre- 
senting greater differences of illumination between tlic 
light and dark parts is secured by cutting the latter from 
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black cardboard, tliem on glass, and viewing the 

whole against the sky or a brightly lighted surface. The 
effect is also very marked when a ruler or straight-edged 




piece of cardboard is held Ixffore a flame. The flame seems 
to cut into the edge, — the bright(‘st parts most. When the 
new mo5n ‘fields the old moon in its arms,’^ the crescent 
seems to belong to a larger disk than that between its 
tips, and many other illustrations may be met in common 
experience. 

The illusion, ar Helmholtz explains it, depends on a 
slight blurring of the line of demarcation between the 
black and white areas — a blurring which is very marked 
when the illumination is strong and accommodation is in- 
exact, and is not entirely absent even when accommodation 
is at its best. The contour is thus spread out into a nar- 
row gray band, lying partly in the black and partly in the 
white, and shading over from one to the other. '^riie in- 
tensities of light ii^ different parts of this band are repre- 
sented in the curve shown on the next ])age. The point 
c is taken on the actual line of demarcation ; the region to 
the left represents the white area, that to the right the 
black. 

If there were no blurring, the white Svould extend up to 
c d, and there cease, and the intensity curve would be adc g. 
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With the blurring, we have full white to the left of a, and 
full black to the right of fj, and the gray band of transition 
between, with intensities represented by the curve a f<j. 
This curve, however, shows intensity of light, and not in- 
tensity of sensation. According to Webers law, the just 
observable cliange in sensation would require a more con- 
siderable change in stimulus at the intense end of the curv(f 
than anywlu*re else, and any less change would pass en- 
tirely, unperceivecl. If the white were very intense, — so 
intense that a ])ractical maximum of sensation were rea(died 
with an intensity /q — no difference could be perceived to 
the left of h, and the white would seem to extend in full 
intensity to that point, enlarging its area by rJi, If ilic 
middle gray of the band, instead of the white edge, were 


a d 



taken as the boundary, that also would be found to lie too 
far to the right, and would enlarge the white area. Tlic iui- 
portance of liigh illumination in the white, and eom])h*tc 
blackness in the black, is evident in either ease. The illu- 
sion would admit the same explanatimi whether the blur- 
ring were due to a physical dispersion of the light on the 
retina, or to a physiological spread in the nervous elements. 

b. Negative Irradiation. In this case the line or point 
is given the bene#t of practically all of its gray bonh r, 
near the outer edge of which there is, according to Helm- 



235 ] 


WEBER'S LAW. 


339 


holtz, a relatively sudden increase of brightness (or de- 
crease in the case of a white line on a dark ground) which 
fixes the apparent boundary. Because of this differejice iir 
the natuie of the phenomenon, llelmholtz would prefer not 
to call this irradiation at all. 

The combined action of positive and negative irradiation 
seems to account for the tendency of the white circles in 
the following diagram to take an hexagonal shape wlien 
viewed from distances that make ac(.*ommodation inexact. 
The larger triangular areac snfhn’ by positive irradiation 
of the circles, while the portions w'here the circles approach 



nearest each other owe their preservation to iicgative irra- 
diation. 

Negative irnwliatioii may also be demonstrated as fol- 
lows. On smooth whit pax)er draw two fine black lines 
(.25 inm. or less in br adth), intersecting at an angle of 
one or two degrees. 7 Fold the paper at arm’s lengtli, and 
determine by eye the place where the 0hite space between 
the lines is equal in breadth to one of the lines. Mark, 
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the point lightly with a pencil, and examine it under a lens. 
It will be found that the separation at the point selected 
is too great, the breadth of the lines having been overesti- 
mated. 

Helmholtz, G. a04-402, Fr. 42.5-13^1 (321-327); Hering ; Auhert, 
575 If., 581 If. All of these refer to further literature. 

236. Weber’s J^aw in the Classification of Stimuli. It 
has been found that when a large number of slightly dilfer- 
ent stimuli are arranged in groups that seem to form a 
scries with equal differences, the average intensities of tln^ 
groups conform more or less exactly to Weber’s law. Tliis 
has been proved to be the fact on a magnificent scale in 
the grouping of the stars in magnitudes, and a rough 
demonstration by a similar method is not difticult to make 
in tlie laboratory. 

Prepare a large number of weights, each diff(U’ing sliglitly 
from the other, hy enclosing pieces of sheet-hnid in stout 
envelopes. (Cf. Chapter IX. for further details.) Select 
the lightest and the heaviest of the lot, and give them to 
the subject {is standards from which he may from time to 
time refresh his memory of the range of the series. Then 
require him to arrange tlie rest in Jive classes, alauit equally 
separate in the intensity scale. When all have bctui chisscd, 
allow the subject to go ov(‘r each group, and revise liis 
rating if he desires. Finally, find the av(*rage weight in 
each group (by Aveighiug tin; wliole grouj> at once and di- 
viding by the number of envelopes in it), and calculate tiu* 
ratios of these from group to group. 

The following records of a trial with four sulqects may 
be interesting for comparison. A series of 118 (uivelojK's, 
ranging approximately from o to 100 grams, was sortc<l. 
In the table belqpr, the groups are indicated by lloniau 
numerals, beginning with the lightest. 
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Subjects. 

liatio (if 

11 : r. 

Jidtio of 

ni: if. 

Ratio of 
IV: HI. 

Ratio of 

V: IV. 

JS/i. 

i.'fes 

1.80 

1.77 

1.77 

St. 

1.51 

1.00 

. 1.02 

2.10 

I). 

2.30 

3.08 

1.58 

1.52 

a 

1.34 

1.84 

1.73 

1.00 


Tlic first sliows a fair approximation tur the eonstaiu;y of 
ratio required by the law. The third and foiirtli give some 
cvideiiec of it from tlie second group on. 

Tliis method of demonstration is a s])eeial application 
of the Method of Average Error to difference comparison, 
^rhe general method is considered more fully below, (das- 
sitieation has been tried by »lastrow with extents, both 
visual and kiiuesthetic, and time intervals, and by Leuba 
on artiiieial stars. 

Jaatrow, U and C ; 

Tiik Psyciioi'iiysic Methods. 

In the quantitative study oC sensations and stimuli, four 
fpiestions arise: (1) Wliat is the least amount of a given 
stiinnlns that will cause a sensation at all (the ‘^initial 
tlireshold ? (2) AYhat amount of stimulus ai)p/ied to 

one region of the body, or under one set of circumstances, 
s(H‘ms exactly equal to a given amount applied elsewhere, 
or under other (drc.unistances (eqqivahuit stimuli) ? (3) 

What is tlie, least difFerenee that can be pcu'ceived between 
two given stimuli (the ‘‘differential threshold”)? (4) 
What is the relation of several stimuli wlien their differ- 
ences among themselves seem equal ? ^ 


* In Kulpn’s tt^rins those qnostions nro thoso of (IV Stiinnlns aotennination, 
(‘-ii iStiinylns coniparitjun, (>i) Ditferenoo detorininatifW, and (4) Ditteronoo <!oin- 
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It is in attempting to answer such questions as these that 
the psychophysic methods have been developed. They are 
three in number : The Method of J^iiiinal Change, tJu 
Metliod of Eight and Wrong Cases, and the Method of 
Average Error. They liave been most frequently [ipplitid 
in determinations of the least observable difference of stim- 
uli (question 3, above), and in that connection can be 
readily made clear. 

The most natural way of finding such a difference is to 
begin with tlie stimuli equal, and very gradually change 
one of them till the fact of change is just ap[)arent. Tliis 
is the ^Method of ^linimal Change, — the method used in 
a number of experiments in earlier chapters, and explained 
somewhat fully in Ex. 24. 

An indication of the amount of the just observable dif- 
ference may also be found, but less directly, if the two 
stimuli are made a little different, and the subjind. is re- 
quired to judge of their relative condition a largo number 
of times. If they are quite different he will ])erceive the 
difference with a good deal of certainty, and judge right 
nearly every time; if they arc very little different, he will 
be guided largely by chance, and judge wrong nearly as 
often as right. The proportion of right judgments in a 
long series of trials taken in connection with the amount 
of difference b(*.tween the stimuli used, mak(‘s infm-cnco 
possible with regard to the just observable difference. 
This is the Method oi Eight and Wrong (hises. 

The third method, like the last, is indirect, and gives, 
instead of the just observable difference, a quantity iu‘ar- 
ing a more or less constant relation to it. One of tin) 
stimuli is put under the control of the subject, and In? is 
required to adjust it to equality with the other. 
adjustments will gften be slightly in error, sometimes by 
excess and sometimes by defect. The range of theke devi- 
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ations will evidently bear some relation to the least differ- 
ence that he can perceive; and on tliis fact is based the 
Method of Averajp, Error. 

The methods thus rudely sketched have received con- 
siderable elaboration in actual use, and certain ])i‘ccautions 
have been found necessary, the most imj)ortant of which 
will be noticed l>elow. 

In theory, any of the methods might \)e used for answer- 
ing all four questions. As a matter of fact, however, some 
are much better adapted for certain purposes than others, 
and all are more or less modified by the st>eeial conditions 
under which they are used. The Method of ^Minimal 
Change has received a variety of names in its special ap- 
plications whic.h, unless noticed, may lead to confusion.’ 
Til determinations of stimuli that appear equal under dif- 
ferent circumstances, it has b(‘(‘n called tlui ‘^Method of 
flquivalents.’’ In dot(U*ininations of the least observalde 
difference of stimuli it has been called the Method of 
Just Observable Differenc^,^’ or the <^^Icthod of ^Minimal 
(’hange,’’ in a restri(;ted sense. In determinations of 
e(pial differences it has been called the Method of INTean 
Gradation.’^ 

Though developed in the first instance for the study of 
Weller's hiw, these methods have a much wider nscfful- 
noss as tests of the keenness and correctniiss of pc'reeption 
under differing external and internal conditions, and are in 
constant use for that ])urpose. % 

A-ll the methods apply to both extensive and intensive 
magnitudes. The most convenient stimuli for demonstra- 
tixinal experiments will be found in visual extents and 
in weights, used either as liftcul weights or for jiressure. 
P^xperiments with the first have the great advantage of 
seeming less irksome and monotonous ; and, if necessary, 
all three methods can be shown with visual extents alone. 
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In the fuller explanations that follow, the methods ar<^ 
again considered in their application to difference deter- 
mination. ^ 

237, The Method of Minimal Change. If the student 
is not already familiar with this method from its applica- 
tion in earlier chapters, it can be tried with pressures, as 
in Ex. 24 (if possible with the pressure balance, and with 
attention to tlie precautions mentioned below), or Avith 
visual extents, as in Ex. 174 b (where the krypteon may be 
dispensed Avith), or indeed Avith almost any of the experi- 
ments given for discriminative sensibility. - 

Whatever the stimuli selected, the procedure falls into 
four stages: (1) The determination of the stimulus just 
observably greater than tlie standard stimulus ; (2) the de- 
termination of that just '//'.^observably greater ; (,‘I) the deter- 
mination of that just observably less; and (4) tlie determi- 
nation of that just ///^observably less. 

Ill the first stage, a standard stimulus is applied, ami 
immediately after it another cxijLCtly like it (or at least not 
perceptibly different from it). The subject re])orts them 
<nhe same.” The standard is again applied, and aft(u* it a 
slightly greater stimulus, which the subj(M*t usually calls 
the same ” again. (Comparison of the staudai-d stimulus 
Avith successively greater stimuli is thus continued till one 
is found Avhich the subject ri'ports as just noticeably 
greater. The excess of the variable stimulus over the 
standard is then recorded. The first stage might end here, 
but it is considered better to increase the variable stimulus 
once or twice more in order to guai*d the subject again si- a 
merely accidental impression that a perceptible differeiuM' 
has been reached, though no record is made of the differ- 
ences used unless it is evident that his previous siutcess was 
accidental. The second stage is like the first, excerpt that 
it begins with the comparison of the standard Avith*a va^i- 
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able stimulus unmistakably greater, and that the latter is 
reduced little by little till it just ceases to seem different. 
The excess of the ^piriable at this point is recorded, and 
one or two confirmatory trials made as before. The third 
stage is like the first, except tliat the variable stimulus is 
gradually decreased from ax)parent equality, and the fourtli 
like the second, except that the trials begin with the vari- 
.'ible stimulus unmistakably less than the standard.^ 

The records reached in the four stages are subject, of 
course, to more or less of accidental variation, to avoid 
which it is necessary to repeat each a number of times, and 
to average the results. Care must also be taken to avoid 
certain other sources of error, which will bo considered 
after the arithmetical treatment of the results has been 
made clear by an example. 

Let us suppose that in an ex])oriment with ])ressures on 
the finger-tip the standard stimulus has boon 25 grams, 
and that the following differenct^s have been found in the 
ten trials indicated by the Koman numerals ^ ; — 


DlKK.t’TlOX OF CHAXCJK. 

1 

11 

111 

IV 

V 

VI 

Ml 

Mil 

IX 

From equality ui)war<l . . 

1.0 

0.8 

0.0 

1.2 

0.8 

0.0 

l.O 

1.2 

0.0 

’'J’oxvard equality dowuivvard . 

1.0 

0.8 

1.4 

1.2 

1.0 

1.2 

1.4 

1.0 

0.0 

From equality downward 

: 1.4 

1.0 

1.0 

1.4 

1.2 

1.2 

1.4 

1.4 

1.4 

'I'oward equality ui>ward . 

2.0 

1.2 

1.8 i 2.0 

2.0 

l.S 

1.8 

1.4 

l.S 


If we take the averages of the ten series for each of the 
four stages we shall have tlie following vahu's in grams for 


’ Tlio just observable and just unobservable dilTerences are ttoinbiued in both 
eases on the supposition that tlie subject will tend to report the expccte<l result 
b'o soon (or too late), and that the true just observable cliirerenee will lie 
between them. 

" The inures of this example are but slightly changed from those of an actual 
experiment with the pressure balance. 
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the just observable difference or limen, with the accompany, 
ing mean variations.^ 



^IM£N. 

M.V. 

Changing from equality (above) 

0.84 

0.21 

“ toward “ (above) 

1.00 

0.19 

“ from (below) 

1..30 

0.16 

“ toward ‘ (below) 

1.04 

0.24 


Exam illation of these figures sliows first that the mean 
varijitions are large in proportion to the averages, and there- 
fore that the determinations are irregular, and in so far 
uncertain. Disregarding that in this instance, however, let 
us examine the averages themselves. Averaging the four 
determinations, we have 1.21. as the average just observable 
difference (or average limen of difference), the reciprocal of 
whieli is taken as the measure of the keenness of the dis- 
criniination of the subject under experiment. Stated as a 


1 The iiuiaii variation (M. V.) is foun4 hy siibstraoting algebraioally from 
the average each of the terms that has entered into tlm average, ami taking the 
mean of these remainders without referentje to sign. Tims the terms of tlio tirst 
line across the table subtracted each from 0.84 give 1 he following remainders : - 
I 0.10, — 0.04, 0.2H 0..'J(5, O.tH, —0.24 f 0.16 1 0.36, —0.24, —0.24, w'hich av- 

eraged without reference to sign givc.s 0.21 a.s the mean variiitlon. 

A eonvenieiit way of checking the eorrectnes.s of tlie average and most of 
the process of finding the mean variation is to keep the plus and minus remain- 
ders separate as long as possible. If their sums are the same the work is correct 
to that point ; e.g. : — 

f 0. 16, 0.36, 0. 16, 0.36 =1.04 

— 0.04, 0.24, 0.04, 0.24, 0.24, 0.24 =1.04 
1.04+1 M ^ 2.08 ; 2.(XS -i- 10 = 0.208 
approximately 0.21. 

Exprc.ssing the rule in a formula gives ; — 

jr Ci — fti) \ (A -^8)4 (//— aa)^ • • » (A — an) ^ 
n 

in which J is the average, « 3 , etc., are the individual observations, and n 
the Jiurnher of the observations entering the average. In more condensed form 
the formula stands ; — - 

n 

ill whicli 2 is the sign for summation, v stands for the individual variations cf 
the observations from the mean, and n for the number of observations. 
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ratio with the standard we have 1.21 : 25, or about 1:205 
in per cent 4.8. Combining tlie pairs of determinations 
above and below the standard, we have 0.95 as the just 
* observable increase of weight (or the upper limeii of dif- 
ference), and 1.47 .as the just observable decrease (or lower 
limen of difference). 

It is clear that much greater change was nect‘ssary below 
the standard than above it, though approximate equality 
might have been expected. This points to a constant ten- 
dency toward underestimation of the standard (or overesti- 
mation of the variable stimulus) — toward a constant erj*or. 
Tliis amounts to half the difference of the limens, or 0.26, 
making the estimated or effective value of the standard : — 

25 - 0.26 = 24.74. 

We now return to some of the conditions required in the 
careful application of the method. 4'ho most important of 
these, after a uniform condition of attention on the part 
of the subject, is such an a:»rangement of tlie tc^sts as will 
exclude or neutralize all recognized sources of constant 
errors. Two of these are of such frequent occurrence as to 
, lijive received special designations; namely, the Time Error 
and the Spare Error, It is inix^ossible to x^resent both the 
standard and the variable stimulus to the same sensory sur- 
face* at the same time; they must be ax)plicd at different 
jdaces or .at different times. If, therefore, there is any jje- 
(uiliarity of iierception attacliing to one place or the other, 
or to the leading or following jjosition in time order, constant 
<lifferences will be introduced. In the examx^le above, the 
sj)ace errors h.as been avoided by ai)plying both stimuli to 
the same finger-tif), but the time error remains unless s^je- 
<‘ially met. This is done by dividing the tests, and giving 
iialf ill the order described and half in the reverse order 
the variable stimulus being applied iirst and the standard 
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following. If this had not been done in the example con- 
sidered, the constant error 0.26 would not be attributable 
as suggested, but might probably indicate an unexcluded 
time error. In the visual comparison of lengths the tinu* 
error is supposed to be avoided, but the spac6 error must 
be compensated by presenting the standard length at tho 
right of the variable length as often as at the left, and sim- 
ilarly with tests ill the fields of other senses. Differences 
in practice may sometimes be treated in a similar way, but 
where certainty of result is required, must be excluded by 
a preliiiiinary course of training. To ascertain whether 
changes in practice are introducing changes in the results, 
the records should be divided into sub-groiqis, and their 
averages examined. 

The time and sjiace errors and the stage of practice must 
be regarded in tho use of all the methods. In the case of 
the Method of Minimal (/hange the tests above and lielow 
the standard, botli working toward it and awa}^ from it, 
must be so alternated as to bt-ing each stage of the test 
into as nearly like conditions of attention and fatigue as 
possible ; at least, when accuracy is an object. A neces- 
sary condition of this method of compensating constant 
error is that the sets of tests combined shall be of equal 
extent, and as much alike as possible in all respects except 
the variation especially intended. 

In tests with the Method of. Minimal Change the subject 
is supposed to know the direction in which the variable 
stimulus is altered, but not the precise amount. lie is 
therefore liable to the effects of expectant attention, be- 
sides the danger of reaching the expected result too soon, 
which is guarded against by combining the determinations 
of just observable and just unobservable differences, there 
is also a certain danger that the responses may after a 
time become mechanical, and the subject report the liim n 
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after a certain number of applications of the variable stim- 
ulus, irrespective of its amount. This may be met by 
occasional changes from the regular procedure — changing 
the size of the alterations by which the limen is ap- 
proached, repeating the standard or one of the inter- 
mediate weights, etc. Economy of time and patience 
dictates that the alterations of the variable stimulus 
should be large while remote from the limen and small 
when near it, and that the number should not be so great 
as to weary the subject before reaching it. The number 
will of course vary somewhat with circumstances ; Klilpe 
speaks of live as an average number. Other precautions 
will suggest themselves to the careful experimenter as need 
arises. 

The chief criticism passed upon the method is that its 
criterion of the just noticeable difference is wholly subjec- 
tive, and will vary with the subject’s willingness to risk 
errors. This is undoubtedly true, but does not rob the 
incithod of all usefulness. • 

2t38. The ^Method of llight and Wrong Cases. This 
method may be tried conveniently with visual extents or 
lifted weights, and will be illustrated here by both. In 
ai)plying it, a certain difference of stimuli, known to be 
generally, but not always, recognizable, is chosen, and the 
variable stimulus set once for all greater or less than the 
standard by that amount. The two stimuli are then pre- 
sented to the subject a large number of times for judg- 
ment. Sometimes the greater stimulus will seem greater, 
sometimes it will be indistinguishable, sometimes it will 
seem less. On the assumption that these variations are 
of the same sort as those contemplated by the mathemat- 
ical theory of errors, methods . of calculation have been 
worked out which give values somewhat analogous to those 
reacfhed by the Method of Miiiimar Change, and by which 
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also it is possible to calculate from the ratio of right 
judgments and the differenc.e of the stimuli in a given case 
the difference nupiired to give any other proportion of 
right judgments uinler similar circumstances. Tliese so 
far as they are necessary for the treatment of ordinary re- 
sults will ap])('ar in the following examples. 

In the first illustratioji the method will 1)0 followed in 
its classical form ; in the second, in a simpler form recom- 
mended by dastrow, and Fullerton and Cattell. 

For the first exain]»le, let us suppose that in an experi- 
ment with visual exbmts a standard stimulus of 1.5 inches, 
and a variable stimulus, different by .03 of an inch, were 
selected ; that two hundred judgments were made, one hun- 
dred with the variable stimulus greater, and an equal num- 
ber with it less; that the standard lay at the riglit side in 
one-half of each set, and at the left in the other half, and 
that the following records of right, wrong, and equal cases 
were made : — 


Standard sfhnnhis, l.ftO inches^ variable stitnuliis^ /..W inches. 
I. StANDAKIi IvKJHT. II. Standakd Lkkt. 


IJight, 131. 
Wrong, 
Efliuil, 14. 


Fight, ;>1. 
Wrong, 2. 
Eciiuil, 17. 


Standard sliiiinlns, 1.50 inches, variable stimulus, 1.^7 inches. 
III. Stam>aki» Kn;nT. IV. STA>'UAiti» Lkft. 

Fight, 25. Fight, 18. 

Wiong, 1, Wrong, 0. 

E(iual, 24. Equal, 26. 


The values whicdi this method gives are the measure of 
precision, commonly represented by A in the formuhe. 
which is directly proportional to tlie keenness of discrimi 
native sensibility, and a value for the average limen;^or, as 
it may very well be termed when reached by this metho<?, 
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tho ^^j)robablo limeii ” (^S), though the trustworthiness of 
this value is questioned.^ These may be reached in any 
special case from the following formulm and table, J) being 
the difference of the stimuli employed, ti the value of t 
corresponding to the percentage of right cases, and that 
corresponding to tho percentage of right and equal cases 
combined. 


^1+^2 cr Jfo — ^ I 


FEGHNJBR’S FUNDAMENTAIi TABLE.® 



l-hD 

r 

n 

=zhl} 

r 

It 


r 

n 


r 

*71 

t = hJ) 

.no 

.0000 

MO 

1701 

.70 

.8708 

.80 

.5051 

.00 

.0062 

.ni 

.0177 

.01 

1075 

.71 


.81 

.0208 

.01 

.0481 


.0855 

.02 

•-'KM) 

.72 

.4121 

.82 

.0478 

.02 

.0036 


.05:12 

.(W 

2:347 

.7:5 

.4:388 

.88 

.0747 

.08 

1.0186 

.54 

.0710 

.04 

25:35 

.74 

.454i) 

.84 

.7082 

.04 

1.0004 

.55 

.0800 

. ( >5 

2725 

.75 

.4700 

.85 

.7820 

.05 

1.1631 

.50 

.1008 

.()0 

2017 

.70 

.4004 

.80 

.70:30 

.00 

1.2:370 

.57 

.1247 

Ml 

8111 

.77 

.5224 

.87 

.70(35 

.07 

l.:3207 

.58 

.1428 

MS 

:i807 

.78 

.5400 

.88 

.8808 

.08 

1.4522 

.50 

.1000 

.00 

8500 

.70 

..5702 

.80 

.8078 

.00 

1.0450 









1.00 

CO 


In tlie example, wlieii the standard was at tke right ami 
tlie stimuli w(Me 150 and 150 (tjiking O.Ol inch as tlie unit 
for convenience in cjilciihitioiO, the number of right cases 
was ol, and of equal 14, or in ])er cent. 02 and 28. The 


^ From h .also may luj rockoiuMl the “ probable error ” (see below, p. 359, note) 
to wliicii it Btanils in :i fixed relation ; iiiimely. 


Klilpe (p. 69) defines S as ** that stimulus difference which Is just as often 
cognized ^correctly jiulgtai) as not cognized (incon*ectly judged).” 

® Condensed from Wundt’s ” IMiysiologisclio Vsychologie,” 4te Aufl., I., 350. 
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value of t for 62% is found in the table as 0.2160, and 
that for 90% (i.e., 62 + 28) as 0.9062. Substituting these 
values for and in the formula for A, and dividing by 
2 2) (= 6), we have h = 0.19. Substituting in the formula 
for S we have 1.85. Applying the same formiilye in the 
case when tlie standard was at the left gives tlie values 
h = 0.24 ; S == 2.11. In the third case (stimuli 150 and 
147, standard right), the only difference is that the per- 
centage of right cases is only 50, and consequently = 0. 
The values of h aud S are : h = 0.27 •, S — 3. In the fourth 
case (standard left), the number of right cases is only 18. 
This shows the presence of a constant error of greater 
amount than the difference used. The effective value of 
the standard stiinuhis is less than that of the variable. 
The values of /i and S may be calculated, however, by 
taking the percentage by which the right cases fall short 
of 100, and using /i J> as a minus quantity. In this case 
18 right judgments are 36% ; 100 — 36 == 64, tlie value of 
t for which is 0.2535, or here = — 0.2535. The value 
of found in the usual way, is 0.8308, whicli substituted 
in the formulie with gives : k = .10 ; *Sf == 5.63. 

It is cleiir that not only in this last case, but in the 
others also, "there is a constant error, and consequently that 
tlie values of /i and aS' are not what they should be. It was 
with the elUiiination of these in view that the conditions 
were varied, both as to the position of the standard and 
the size of the variable stimulus, in such a way that botli 
influences should be opposed to themselves in an equal num- 
ber of cases. The average result is therefore nearer right 
than any of the individual ones. Averaging gives h = 0 . 20 , 
S == 3.15. Exi)ressed in a formula, this process stands : — 

^ _ T,+ T, + Ts + T, 

n, , 
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T in this case representing the combined of pre- 

vious formulae. 

By similar formulae the values of the two constant, errors 
allowed for in the arrangement of the tests may be found. 
If we let C' represent the constant tendency which increases 
the apparent difference when the standard lies at the right, 
and C"' the tendency which increases the apparent differ- 
ence when the standard is compared with a larger variable 
(150 with 153), it is clear that in Group I. both C" and 
C" will be positive; in Group IT., C' will be negative and 
0" positive; in Group III., 6^' positive and C"' negative ; 
and in Group IV., both G' and G" will be negative. From 
these relations are derived the following : — 

^ T , ^ T , + T, - T , 

1 \ + r, '+ 1 \ 

2 \ + T,- T, 

\ * 

Making the calculation in this case gives G' = 0.46 and 
G" = 0.22.1 

The Method of Right and Wrong Cases in its Simpler 
Form, Much complexity is introduced into the classical 
form of the method by the cases which the subject prp- 
nounces ecpial.’’ In the simpler form adv9cated by Jas- 
trow, and Fullerton and Cattell, all these are avoided by 
requiring the subject to indicate one or the other of tlie 
stimuli each time as greater, and in case of complete un- 
certainty to guess. The resulting record contains right 
and wrong judgments only. From the percentage of right 

* The data of this example are the records of an actual experiment, made, 
however, under not altogether constant conditions, and not such as would favor 
great accuracy. They serve, however, well enough for illustrating the method 
of caVculation. Under favorable circumstances h might be expected to be 
larger and S smaller. 
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cases, taken in connection with the difference of the stimuli 
employed, the amount of difference required to give 75 ^ 
of right judgments is calculated. This is Tegarded as the 
value of the average or probable liiiien, and its ratio to the 
standard used like tluit of tlic liineii in tlie Method of Min- 
imal Change as the measure of the keenness of sensibility. 
The selection of 75 is of course arbitrary, but it has 
certain recommendations. It lies midway between tlic pro- 
portion of cases right by pure clianee (50%) and the pro- 
portion right in case of full certainty, and corresponds also 
to the value of tlie ‘^probable error’’ in the probability 
curve. To facilitate this calculation, Fullerton and Cattell 
give the table below. ^ 


TABIiE FOR DRTERMmiNa THE PROBABIiE ERROR FROM 
THE PERCENTAGE OF RIGHT CASES AND AMOUNT 
OF DIFFERENCE. 


^ r . 

/> 
p . e . 


i> 
p. e 

y> 

jj. e . 

% r . 

7) 

p.e. 



50 

.00 

00 

..38 

.78 

80 

1.25 

90 

l.iiO 

51 

.04 

61 

.41 

.82 

81 

1.30 

91 

1.99 

52 

.07 

62 

.45 

.86 

82 

1.36 

92 

2.08 

53 

.11 

63 

.49 

.91 

83 

1.11 

93 

2.19 

54 

.15 

64 

.53 

.95 

84 

1.47 

94 

2.31 

55 

.19 

65 

.57 

1.00 

85 

1.54 

95 

2.44 

56 

.22 

66 

.61 

1.05 

8 (J 

1.60 

96 

2.60 

57 

.26 

67 

.65 

1.10 

87 

1.67 

97 

2.79 

58 

..30 

68 

.69 

1.14 

88 

1.74 

98 

3.05 

59 

.34 

69 

.74 

1.20 

89 

1.82 

99 

3.45 


The use of the table will ajq^ear in the following exam- 
ple taken from their records (p. 121). The experiments 

* It is obvious from the relation between the probable error and the quantity 
h already mentioned that this table can be made Out by dividinj^ 

the corresponding values of P'ecliiier’s table by 0.47G9. 
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were on the discrimination of lifted weights. In a set of 
50 trials, when the weights used were 100 and 104 grams,*' 
and the heavier weight was lifted first, the subject R made 
36 right judgments and 14 wrong ; in an equal number, with 
the same weights lifted in the reverse order, the right judg- 
ments were 28 and the wrong 22, or in percentage 72^; 
right with the standard following, and 56^^ right with the 

standard leading. Referring to the table, we find for 

in the first instance 0.86, which means that in order to give 
the proportion of of right judgments the difference 

(4 grants) would (probably) have to be increased in the ratio 
of 0.86 :1; that is, to 4.65 grams — this, however, only in 
case the heavier weight com(‘s first. When it came last the 
percentage of right judgments was 56, which corresponds 
in the table to 0.22 ; and the difference would have to be 
bicreased in the ratio of 0.22:1, that is, to 18.18 grams. 
There is then a strong tendency toward underestimation of 
the second weight.^ This, can be eliminated, however, in a 
manner similar to. that indicated in the previous example. 

Representing the constant error by C\ the in the first 

/) _L 7> C 

case would really be- and in the second case 


jKe. 

Adding these fractions eliminates giving 


2 /> 

p.e. 


p.e. 

from 


which it is easy to get the J) required for 75% right 
judgments. 0.86 + 0.22 = 1.08 and 1.08 2 = 0.54, 

which gives 7.4 grams as the amount required when con- 
stant errors are excluded. This is the average limen, and 
the sensibility of the SAibject may be expressed by its 
reciprocal, or by its ratio to the standard, 7.4 :100. 

If the value of the constant error (in this case the time 


‘ tWlth most of Fullerton and Cattell’s subjects tlio tendency was in the other 
direction, and that would appear to he the common tendency. 
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error) is desired^ it can be calculated after the same anal- 

J)+ C _ D- C ^ ^ 
p.e, p.e. p.e. 

In this instance --- = 0.86 — 0.22 = 0.64. -- - = 0.32. 

p.e, p.e. ^ 

It has just been found that = 0.54, whence p.e. = ^ 
0.32 ^ ^ * 0.f)4 

and V = - ‘V ■ . 1) = 2.37. The elimination of several 
0.54 ^ 

simultaneous constant errors would of course be the same 
in principle, but tlie experiment would have to be planned 
with that ill view from the start. 

* It remains to speak of a few points with regard to the 
actual use of the method in both its forms. The first 
requisite is a large number of tests ; the formulye are not 
very reliable when the numbers are small. If long series 
are fatiguing, several shorter series taken under like condi- 
tions may be combined. Such a difference between the 
stimuli must be chosen if possible as will give neither too 
great nor too small a number of right judgments — about 
eighty-five in a hundred is recommended by Fullerton and 
Cattell. It is therefore profitable to make preliminary de- 
terminations by one of the other methods before undertak- 
ing systematic experiments by this. 

The method has been u.sed when the subject had full 
knowledge of the actual relation of the stimuli (when he 
was himself the operator), but this usage is less to lx* 
recommended than that in which the subject is in complete 
ignorance. This is absolutely essential, indeed, in the sim- 
pler form of the method. 

The subject's task is simply to judge of the stimuli pre- 
sented to him, the operator’s to present the stimuli as uni- 
formly as possible. In the simpler form of the inethod 
the subject will be assisted in his selection of one or the 
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other as greater by a clear understanding that he is never 
to be presented with equal stimuli.^ He must also feel 
sure that one arrangement is as likely to be given as the 
other, lighter-heavier as likely to occur with weights, for 
example, as heavier-lighter. In sliort series the subject is 
apt to be influenced by his recollection of how often his 
answer has fallen one way or the other; but this can be 
met by longer series, or by short series so arranged that 
the number of limes each arrangement occurs shall not be 
the saiiie in each series, but that the flnal combined record 
sliiill show an equal number of tests made with each ar- 
raiigement.*'* 

It is not always convenient to present a standard stimu- 
lus with two variable stimuli, one larger and one smaller, 
as was done in the example with visual extents, and some- 
times it entails great waste of time. It is advisable, there- 
fore, in ordinary experiments to carry out the testing with 
two stimuli only, letting the greater serve as the standard 
when experimenting for tl^e determination of the i^robable 
limen below, and the less when ex])erimonting for tliat 
above, as in the second example. For other suggestions 
and precautions, see J astro w, H. 

289. The Method of Average Error. This* method is 
applicable to any stimuli that can be put, directly or in- 
directly, under the control of the subject ; it is most con- 
venient when the control is direct and simple. These 
conditions arc fully met in the case of tlic comparison of 
lengths by vision ; for example, in experiments with the 


^ If for any reason a few donbtrful answers cannot bo avoiaod, they may be 
divided equally betwecui *tlio right and wrong judgments without serious error, 
Imt it is better not to allow them at all. 

* A similar dirtieulty is met in the ease of large constant errors which thfow 
a marked i)rt*portion of the judgments in one direction or the other. This is 
more di|rtcult to deal with, but might bo helped by a special combination of 
series with stimuli of different degrees of difference. , 
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Galton bar, or with narrow strips of millimeter paper, cut 
through with a knife point.^ The application of the 
method is so simple that it may be easily understood from 
a single example. One slide of an instrument somewliat 
like the Galton bar was set at a standard distance from 
the centre line of 1.50 inches. The instrument was then 
handed tlie subject, with the request that he set the otlun* 
slide at exactly the same distance from the line. Wlien lie 
had done so the instrument was examined, Ins setting re- 
corded, the slide displaced, and the whole process again 
repeated. Forty trials were made, in half of wliich the 
standard distance lay at the right, and in half at tlie left. 
In half the trials in each jiosition, also, the movable slide 
was too far from the centre line when the instrument was 
given to the subject., and in lialf it was too near. The fol- 
lowing settings were regarded by the subject as equal to 
the standard of 1.50 inches. The unit in the table and in 
subsequent .calculation is taken for convenience as 0.0 1 
inch. 


# 

.STANDAIU) LKKT. 

STAN DA 15 

:d iiioiiT. 

FROM TOO SMAM.. 

FROM TOO LAR<JK. 

FROM TOO SM AI.L. 

FROM TOO I.ARIJI' 

147 

145 

144 

147 

145 

145 

149 

148 

145 

150 

145 

146 

147 

148 

148 

151 

149 

wo 

150 

146 

145 

151 

148 

151 

149 

149 

146 

150 

142 

150 

149 

156 

147 

151 

147 ■ 

149 

. 151 

144 

140 

147 


‘ These strips may be 200 mm. long by .'i mm. wide. When in nse^they ar<' 
presented to the subject* with the blank side of the strip uppermost, and he 
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The average of these forty trials is 147.8, showing a con- 
stant error of 2.2.; that is, the extent made by the subject 
fell 2.2 short on the average, or, in other words, he over- 
estimated his setting each time by tliat amount on the 
average. The mean variation of the single settings from 
the average, found as explained above, is 2.11, the average 
liinen {S) as given by this method. Its reciprocal is 
the index of tlic keenness of sensibility. Expressed as a 
ratio, it is 2.11 : 150, or about 1 : 71 ; in per cent, of the 
standard 1.41.^ 

If we take the groups separately wo can find the cfTect 
of the special conditions to which each was submitted. The 
averages are as follows : — 

STANDAUI) I.KFT. vSTANDAKO KKOIT. 

From loo small 140.7 From too small 147.2 

From too largo 148.2 From too largo 140.1 

Combination of the.se shows that the average setting 
when the standard was at the left was 147.45, and when 


asked indioato by a shari> cut with ll»o point of a juMiknife the exiu't inidille 
of the sti'i[». riio strip is then turned over, and the displ^eonient of tlio cut 
from the exact centre is easily re.'id in inilliinetors .and (by estiinule) to tenths 
of a inillinieter. 

^ The mean variation is not tin', only fiuaiitril y wliicli can be taken as the 
limen by thi.s nietlnxl ; tbo average error, ainl tho piobablo error of a single 
observation may both serve that purpose. The average err^n* is not to be con- 
fused with the average (or mean) variation, the two standing to one another 
in the following ijroi)ortion : — 

M. V. : A. K. : : 1 : 1.2.533. 


The probable error of a single observation is given by the formula 


p.e. — 0.6745 

or approximately by tbe formula : — 


0.84r^ 2 ?’ ^ 


in which 2, r, and v have the same signiflcaiiee as before. 
Its relation to the mean vari.atioii is roughly : — 

p. e . ; M. V. ; : 0.85 : 1. 
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at the right, 148.15. Half of the difference between these 
two is 0.35, and is the amount fairly to be credited to the 
space error, — the amount by which, on the average, the 
subject overestimated the variable extent when comparing 
it with a standard of 150 lying at the left. 

Combining the series in which the direction of the move- 
ment of tlie slide was different, we get an average of 146.95 
when tlie slide was too near at the start, and 148.65 when 
it was too far away. Tlie subject evidently tended to 
stop too soon in the moving in both cases, and by an amount 
equal to half the difference of these averages, namely, by 
0.85, — a space error of another kind, and in this instance 
a more important one. 

The constant error of the general average (2.2), which 
remains in spite of tlic combination of all four groups, in- 
dicates the action of some other unneutralized cause, and, 
if all other influences have been certainly avoided, to some 
peculiarity of tlie subject’s method of estimate.^ To deter- 
mine whether the cause of the constant error lies in some 
truly constant tendency, or in mere accident (as it may 
when the number of trials is small), the probable error of 
the average (147.8) must be calculated.^ If the constant 


* This example, like those before, is the record of an actual experiment. 
Unfortunately the data are not sufficient to exclude the possibility that at least 
a part of thi.'J 2.2 may be of instrumental origin. The ratio of thegenenil limcii 
to the standard (I : 71) is larger also than is usually expected in experiments 
of this kind. 

* The probable error of the average is calculated according to the following 
formula : — 

p.p. — 0.6745 

For such use as is here contemplated, the approximate formula : — 

p.p, = ^ 0 y 

n ^ n — 1 w — i 

will answer every i>urpose. 

Merriiuan’s Method of Least Squares, from which these and several of tli ‘ 
preceding forinuhe are taken, also contains tables by which the calculation < < 
the probable error is much facilitated. 
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error is distinctly larger than the probable error of the aver- 
age, it may. be assumed to represent a true tendency, and 
not an accident. In this instance the probable error is 0.28. 

The Method of Average Error and the Method of Right 
and Wrong Cases are both founded on the assumption that 
the principle of probability applies to the small uncertain- 
ties or variations of perception. The results obtained by 
them ought, therefore, to be comparable, and, provided the 
conditions are the same, not greatly different in amount. 
A difference in result would therefore point to a difference 
in conditions, and, external conditions being the same, to 
those of a subjective character. The two experiments with 
visual extents, used as illustrations above, were made with 
the same subject and same apparatus, and may serve for 
illustration of this point also. There are two quantities 
among the results that may be used for comparison : the 
difference required for 75^^ of right judgments, which 
should be the same as the probable error, and the meas- 
ure of precision, the quantity h of the formuhe.^ Ry the 
Metliod of Right and Wrong Cases we had h — 0.20, giv- 
ing/?. e. 2.38. By the Method of A verage Ti^rror we have 
k = 0,26, and p. e. 1.81, showing a finer discrimination in 
the latter case, which in this instance may well correspond 
to a higher grade of attention. 

Of special precautions hi the use of this method little 
need be said. The subject should, of course, remain in 
Ignorance of the amount and nature of his errors. The 
groups of tests should be so arranged as to compensate con- 
stant errors. The variable stimulus should be made to. 
approach equality an equal number of times from both 
above and below, especially when the control of it is in- 
direct and the subject must order changes made instead 

' Thf constant errors, so far as they arise from tlie same causes, might also 

compared. The probable error above referred t(» is, <»f course, the probable 
' "I'Vr of a single observation. 
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* 

of mating them himself. The number of tests will vary 
with the purpose of the experiments. The formulae for 
thb probable error apply more exactly ^s the number of 
observations increases, but the number necessary in this 
method is much less than in the Method of Right and 
Wrong Cases. The method has very great practical advan- 
tages in the simplicity of its procedure and in requiring 
discrimination not by itself alone, but in its natural rela- 
tion to action. 
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CHAPTER IX. 

Suggestions on Apparatus. 

The aim in the foregoing cliapters has been, almost 
without exception, to work with the simplest and least 
expensive apparatus that gave promise of bringing out 
the essential phenomena of the experiment. That the 
apparatus used has alwa3\s been the best, even from this 
standpoint, is far from the writer’s conception. Some 
apparatus must be used, however, and the following sug- 
gestions are offered for Avhat the}' may be worth. 

It is assumed that most of tlui simpler |)ie(*es, especially 
those of paper and cardboard, will be pre])ared in the labo- 
ratory, and that the more difticult and com]>licaled pieces 
will be bought outright, or made by a skilled nu'chanic. 
Where specifications are given, they are for the most part 
taken from the pieces actuall}^ used in the (Hark labora- 
tory, except where decided improvements have suggested 
themselves. TJiis is done to make tlie descriptions as defi- 
nite and helpful as poseible ; but improvements in con- 
struction may frequently suggest themselves to the reader, 
and ought not to be disregarded. 

Apparatus for Chapter I., on the Dermal Senses, 
Ijxperiments 1-32. 

In the way of general apparatus and supplies will be 
needed a millimeter scale, a cane or light rod, a bit of 
metrjic cross-section paper, vessels and means for heating 
water, two large vessels of the same size and shape, some 
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bits of cork; a piece of ice, court-plaster, a little ether, a 
menthol pencil, and three thermometers (preferably centi- 
grade). 

Of special apparatus will be needed a compass sesthesi- 
ometer, an ether spray, a tuning-fork (see apparatus for 
Sensations of Hearing), temperature-spot seekers, apparatus 
for making COg, a centigrade thermometer, reading in 
tenths of a degree between zero and 55°, weights for 
minimal pressure and for discriminative sensibility, equal 
weights of unequal size for j)iessure, wooden cylinders of 
equal weight, and an algometer. 

The Compass JEstliesiometei\ — An instrument of this 
sort has long been used by physicians and others, ayd a 
good many forms are in the market. An ordinary pair of 
carpenter’s compasses, to be had at a low price at any 
hardware store, will answer fairly well, the separation 
of the 2)oints being measured with the millimeter scale 
when required. Drawing dividers can also be used, but 
are rather sharp, and will serVe better if tipped with 
pointed bits of cork. A more accurate and convenient 
pair may readily be made by a slight alteration of some 
of the callipers or calli])er squares, to be found in the 
hardware stores, or in the lists of the dealers in physical 
instruments.^ 

For the Ether Spray any cheap atomizer will answer. 

Simple Temperature-point Seekers are easily made by 
turning down round brass rods (six inches long and a quar- 
ter of an inch in diameter) to a fine smooth point (0.5 mm. 
in diameter). Large wire nails may be used. 

On Apparatus for making CO^ consult any text-book on 
chemistry. 


1 For more elaborate and exact apparatus, see Jastrow [A newjestheslometer], 
American Journal of Psychology ^ I., 1887-88, 562, and Margaret Floy Washburn, 
iUd., VI., 1893-95, 422. 
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The Thermometer reading to 0.1° can be had of dealers 
in chemical supplies. 

Weights for Minimal Pressure. — These can be cut from 
rectangular prisms of cork or elder-pith of equal end area, 
and provided witli bristle or hair handles, and verified upon 
a sensitive balaiuje. The prism should be about 5 nun. 
square. The handle is made by setting the ends of a piece 
of bristle or hair into opposite sides of tlie bits of cork or 
elder-pith, thus giving the whole something the shape of a 
seal ring, of which the cork ia the seal and the bristle the 
band. A series ranging from 2 to 20 mg. would be conve- 
nient. Such a series, using paper disks instead of pith, 
has Ijeen prepared by Willyoung of Philadelphia, after the 
design of ])r. Scripture. 

Egual Weights of Unequal Size can easily be made from 
a large cork and a small one, by hollowing out the small 
one and loading it with lead. Cf. similar apparatus in the 
section on Chap. II. 

Weights for Testing Dismdminatuie Sensibility with Pres- 
sures are to be had in different forms from the dealers. A 
set can be made in tlie lalioratory without great difficulty 
by loading shotgun cartridges with shot, as suggested by 
Galton. Cf. the set for testing discriminative sensibility 
with lifted weights in the section on Chap. I T. 

For the Wooden Cylinders used in Kx. 25 />, bits three- 
quarters of an inch long, cut from the end of a broom- 
handle and made smooth on the ends, and of equal weight, 
would probably answer as well as anytliing. 

An Algometer is not necessary for the experiments de- 
scribed, but has now become a well-recognized instrument 
in anthropometric studies of sensibility, and may be had 
from the dealers. The common one in this country is that 
devised by Prof. Cattell, which works on the principle of 
an inverted spring balance. 
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^ Apparatus for Chapter II., on the Kineesthetic and Statii 
Senses, Experiments 33-51. 

Of general apparatus for this section there is little addi 
tional, except a meter stick, a straw, and a couple of small 
pieces of cotton cloth. 

Of special ai)paratus the following are needed : A larg (3 
weight, ecpial weights of imecpial size (for lifting), weights 
for testing discriminative sensibility Avith lifted weights, 
• a joint-sense hoard, a tilt-bpard, and a rotation table. 

Any Larfje WeAght that can be conveniently handled 
would answer. Ifor use in the Clark laboratory, cylindri- 
cal weights of cast-iron, three inches long and tNj^o in 
diameter, have recently been made and are satisfactory. 
They weigh between two and tliree pounds, and serve veiy 
Avcll instead of the two kilogram* weight mentioned in 
Ex. If V)ored and tapped so that a screw-eye could b(> 

inserted in the middle of the top, they would be convenient 
for Ex. 43. • 

The Equal Weights of tlnequal size mentioned above 
also give the illusion in question here. If for any reason 
it is desired to have the difference of size in one dimension 
oidy, a set can easily ])e made by cutting down paper car- 
tridges, and then loading the shorter ones till they equal 
the longer in weight. A set of three — full length of tlic 
cartridge, two-thirds length, and one-third length — is con- 
venient. Tn making these it is well to put corks in the 
longer ones, in order to support the Avads Avith Avhich all 
are closed. These cartridge AAmights Avill not do Avell for 
Ex. 23. Special apparatus for this illusion has been de- 
vised by Dr. J. A. Gilbert, and is to be had under the 
name of Suggestion Blocks.’’ 

Weights for Dlscrluilnative SerirsihUlty in the case of 
lifted weights. For this test also special sets have been 
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ihade and are in the market. Weights are easily made, 
however, from cartridges, as before. It would be well to 
make the set large ‘enough to furnish, the differences re- 
quired for Ex. 24, as well as the liner ones for Ex. 34.^ 
A series of weights, increasing by single grams from 80 to 
120 grams, and by twos from 00 to 80, and as far above 
120 as the cartridges will permit, and containing two 100 
gram weights, ought to answer every purpose. A much 
smaller set will do if, instead of keeping the standard at 
100 grams all the time, a standard at the upper end of the 
series is taken when experiments arc to bo made below the 
standard, and one at the lower end Avhen experiments are 
to ba made above the standard. For Ex. 34 the weighted 
envelopes of Ex. 23(3 might be usimI, bnt they would not do 
for Ex. 24. In making the weights, it is well to have all 
seem equally filled (wliiidi may be doiu^ by using cotton as 
part of tlie filling in the lighter cartridges), and to so dis- 
tribute the cotton or other light substance that the car- 
tridge wdll not have all the weight at the bottom. The first 
point is not essential if the sidqect^s eyes ar(‘ closed dur- 
ing the experiment; and the second is unimportant, excejit 
])erhaps with the lighter weights, if they are lifted in a 
vertical position. 

Jainf-Si'/ise Board. — The cut accom])anying Ex. 39 will 
give some idea of the construction of the joint-smise board. 
The thin board on which the fore-arm rests is oO cm. long 
by 8-1.0 wide, and is hinged at one end to the bas(?-board. 
At the other end a cord is fastened, which runs over a 
pulley upon the top of a stout post. On the end of the 
cord a wxught is hung to counterbalance the weight of the 
fore-arm. A scale (c.g., a ])iece of millimeter paper) on 
the post near the weight enables the experimenter to read 

off the distance which the end of the arm-board is raised 

* 

or lo^\;ered. It is essential that the hinge and pulley work 
easily and without jar. 
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TilUBoard, — For part of the exi^erijiieiits witli the tilt- 
board, a plank seven feet long and eighteen inches wide, 
balanced across a saw-horse, will answer. For others a 
;nore permanent structure is necessary ; e.g., a board per- 
manently hinged across a stout horse three feet and a half 
or more in height, and with wide-spreading feet. (For 
cut, see Ex. 46.) If the top piece of the horse is not too 
thick, and the board is fastened on with hinges such as 
are used for doors that swing both ways, it will be possible 
to get all required positions of the subject, from head uj)- 
ward to head downward, without the trouble of mounting 
the board on an axis. At one end of the long board a 
short foot-board should be fastened securely enough ear 
the weight of a man when the board is in a vertical posi- 
tion. At the other end a plumb-line and semi-circular scale 
should be added, so that the inclination of the board can be 
read off at any instant. For holding the subjec^ secuivly 
upon the board when its inclination is considerable and the 
subject is head downward, it w*ill be necessary to have a 
couple of straps passing over the subject’s shoulders and 
fastening to stout screw-eyes screwed into the board itself 
or into the foot-board, and perhaps a breast strap going 
about both the subject and the board. 

Rotation Table, — A table, made by fastening a seven-foot 
plank across an ordinary turning-chair or screw-stool with- 
out a back, could probably be made to serve for some of 
the experiments. The apparatus must turn without appre- 
ciable noise or jar. Many of the experiments could be 
made by twisting the ropes of a swing. 

The accompanying cut shows the plan of a permanent 
piece devised by Aubert.^ 


* Physiologisehe Studien ilher die (}rientierung, unter ^ugrundelegiiny 
Yves Velage Jktxidesy etc., p. 50. 
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The plan is on a scale of about one twentieth. The 
table top rests on a central spindle of steel, the lower end 
of which fits into a shallow socket in the lower pai*t of the 
iron supporting-frame, two of the three columns of which 



are. sHown in the plan. This central spindle also carries 
a grooved wheel. Tlie table is turned by means of a driv- 
ing-cord, which passes around this wheel, and a small drum, 
not shown in the plan, which is turned by hand. Aubert 
reports th« instrument a very satisfactory one with regard 
both to ease of motion and freedom from jar. 

The rotation table in the Clark laboratory differs from 
this in being constructed entirely of wood (the supporting- 
frame having four posts instead of tliree), and in the omis- 
sion of the grooved wheel. The direct turning by hand, 
^vhich is thus required, is of course less satisfactory than 
turning by a driving-cord, but answers for the experiments 
described in the text. The ends of the table top are 
rounded, the curve having a radius equal to half the length 
of the table. On these a scale of degrees might well be 
laid off, so that a rough judgment of the angular rate would 
he possible. 

Apparatus for Chapter III., on Sensations of Taste and 
Smell, Experiments 52-60. 

For taste experiments the following general apparatus 
•s necessary: four or more cainel’s-hair pencils, a mirror, 
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and a battery. For the latter, see the section on General 
Apparatus. * 

special apparatus : a little essence of clove, materials 
for making the various test solutions, and a pair of small 
zinc electrodes. 

The Essence of Clove is for the demonstration of tli (3 
habitual associations of taste and snicdl (Kx. 52). The 
same can be sliown even more conveniently witli small 
Dennison labels, the gum of which is flavored with sas- 
safras. They may be had at almost any stationei’s, 
and being dry are more convenient to handle than the 
clove solution. For proportions of oil of clove and 
alcohol in this essence, see the essence of clove ’’ men- 
tioned below among the materials for experiments on 
smell. 

The Solutions should be made of two strengths, — the 
stronger for testing the individual papilhe, and the weaker 
for finding the general taste areas and the leiist^jroportion 
tastable. Th(3 following propoi'tions of tastable substances 
and water are convenient. Stronger solutions: Sugar, 40: 
100 ; Quinine, 2:100; Tartaric Acid, 5:100; Salt, satu- 
rated solution. Weaker solutions (for whicdi the wat(‘r 
itself should be Avithout taste): Sugar, 5:100; Quinine, 
2:100 000; Tartaric Acid, 5:1 000; Salt, 2:100. Spe- 
cial solutions of Sugar for Ex. 55 : 20 : 100, 18 : 100, 10 : 
100, 14 : 100, 12 : 100, 10 : 100. 

The Zinc Electrodes can be made by soldering hits of 
sheet zinc an inch and a half long and half an inch wide 
to pieces of ordinary covered copper wire of convenient 
length. 

For experiments on smell the following will be recpiired : 
essence of clove, an olfactometer, camphor gum, yellew' 
wax, a dozen small wide-mouthed bottles. 

The Essence of Clove is made by adding one part of oil 
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cloves to fifteen parts of alcohol,^ and may be diluted ■with 
water, itself odorless, to make the solutions required in 
Ex. 57 a. For that experiment dilutions of the essence that 
will give the following proportions of oil of cloves will be 
convenient: 1 : 50 000 ; 1 : 100 000 ; 1 : 200 000 ; 1 : 300 
000 ; 1 : 400 000 ; 1 : 500 000. 

A number of Olfactonititers of different form have been 
suggested by different experimenters. Tlie olfactometer of 
Zwaardemaker is so 
simple in construc- 
tion that it may bo 
711 ado ill the labora- 
tory. It will be 
most convenient if 
III a d e d o u b 1 e, as 
sliown in the ac- 
companying cut. 

The inftrumcnt 
consists of a light 
wooden screen, say 
six inches square, 
provided with a han- 
dle below for easier 
holding. Through this screen, a little below the middle, a 
hole an inch and a half in diameter is bored, and fitted with 
a large coi*k. The cork in turn is pierced with two holes 
side by side, an inch apart, and of such size as to fit tight 
upon the glass tubes next to be mentioned, i.e., about 7mm. 
Idle glass tubes should be long enough to leave 10 cm. free 
behind the screen, and about 3 cm. free in front. The front 
ends are bent upward at right angles for insertion in the 

’ Whether tliis esHenoe is of tlie same strength as that used hy liomhroso and 
oitoleng^il in tlieir experiments, to which reference is made after Ex. 57, the 
vritor does not know. 
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nostrils. The odor 9 us substances are applied in the form 
of tubes that slide over the glass tubes behind the screen. 
The simplest and best for persons of normal keenness of 
smell are said to be pieces of red rubber tubing 10 cm. 
long, and of such bore as just Xo slide freely over the glass 
tubes (8mra.). These pieces of rubber tubing should 
themselves be* slipped into pieces of tight-fitting glass 
tubing, so as to prevent the spread of the odor from their 
outer surface. For Ex. 60 another odor-tube, this time of 
yellow wax, will be needed. This can be made by placing 
a glass tube (of the size of the air-tubes used in the olfac- 
tometer) inside a tube such as is used to cover the rubber 
odor-tubes, and filling the space between them with melted 
wax, and afterward withdrawing the inner tube. 

The assumption upon which the instrument is con- 
structed is that the intensity of the odor varies directly as 
the surface of odorous substance exposed. When the odor- 
tubes are slipped upon the glass tubes of the olfactometer, 
and pushed back until their ends are flush with those of 
the glass tubes, the air inluiled through the latter contains 
few or no odorous particles, because no odorous surface is 
exposed. When, however, the odor-tubes are pulled a 
little away from the screen, so tliat they extend over the 
ends of the glass tubes, they expose the odorous surface in- 
side them to the current of air inhaled. The strength of 
the odor is proportional to the length of odor-tube that 
extends beyond the glass tube. The length of odor-tnbe 
corresponding to a just observable odor will, of course, 
differ with different tubes, from person to person, and wii h 
the temperature ; but tubes of red rubber are reported to 
give satisfactory results, both as to original intensity, and 
the constancy with which they keep their odor through 
considerable periods of time. The lengtli of red rublx f 
odor-tube required by Zwaardemaker himself foi* a jn t 
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observable odor at 18° C. is 7 mm. In use the upward 
turned end of one of the .glass tubes is inserted in the for- 
ward part of the nostril, and the subject draws his breath 
in the way most luitural to him in smelling ; the proportion 
of odorous particles is greater, however, when the current 
of air is slow than when it is rapid. The inside of the 
glass air-tubes may need to be cleansed of adhering odorous 
particles from time ♦to time. Zwaardemaker’s olfactom- 
eter is also made in a more perfect form, having porous 
earthenwiare cylinders which will absorb odorous substances 
for testing. On this .and other rtdated matters see his 
rhysiologie des Geruchs,’’ Leipzig, 1805. An olfactom- 
eter on somewhat the s.ame principle, but of different 
form, made after the design of Dr. Scripture, is also to be 
had. 


Apparatus for Chapter IV., on Sensations of Hearing, 
Experiments 61 103. 

Of gener.al apparatus the following will be required : a 
small package of absorbent cotton, three yards of rubber 
tubing (one-quarter inch outside measurement), a pint 
bottle, and an ordinary clock. 

Of special aj)par.atus : a sound pendulum, a pendulum 
carrying a small tuning-fork, a rubber hammer for striking 
tuning-forks, low-pitched forks (or Appunids lamella), sev- 
eral forks on resonance boxes, a set of mistimed forks 
for just noticeable difference in pitch, various small tun- 
ing-forks, a sonometer, a set of resonators, two or more 
l)iston whistles, Galton whistle or steel cylinders for 
highest audible tones, two or more bottle whistles, appa- 
ratus for blowing hydrogen bubbles, and a ^‘snapper 
sounder.’’ 

The Sound Pendulum, represented on the following page 
was nmde with slight moditications from the instrument 
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described by Kampfe, and pictured also iu Wundt Phys- 
iologischen Psychologie/' 4te Aufl. I., 361).^ 



The sound is produced l)y tlie stroke of the balls at the 
end of the pendulum rods against an elmny block, and is 
assumed to vary in intensity in direct proportion to the 
height of the fall, or to the square of the sine of half the 
arc through Avhich the pendulum swings.- The following 
table is calculated, after that of l\Jlin])fe (p. 534), to show 
the proportional intensity of sounds produced by falls be- 
tween 30° and 50°, tlic sound at 40° being taken as unity. 

In use the pendulum rods need to be wrapped Avith 
something to prevent the short tone that they give aft (a* 
the bloAv, Avliich interferes Avith the judgment of the sounds. 
Kampfe and Wundt mention Avrapping Avith felt, and 


* Tliougli tli(! instniniPiit l»oro with two poii(1n1iuii.s und two an'S, 

one wit)i a single pen^ltiluitj and aro was pnU'orrod hy Kampfo, and M’oiild 1 m* both 
cheaper and better. 

* For the jnptlflcation of this assumption, see Kiiinpfe, WundVs Philos. 
StwlUn, VlII., 1892-93, 626 ff. 
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Kampfe found it necessary to wrap the free end of the arc 
with the same material. A winding of small rubber 
tubing, as shown in the cut, seems tolerably deadening. 
The keys on either side of the ebony block are covered 
with felt, and were intended to catch the pendulum as it 
returns after its first recoil, and so prevent repetitions of 
the sound. The same can be done, however, as conven- 
iently with the hand. 


Table of relative intensities of sounds when the sound pendulum 
falls through any angle between 30'^ and 50^^, the sound at 40° 
being taken as unity. 


Anulk. I 

Intensity. 

Anci.e. 

Intensity. 

.VNdl.E. 1 

' Intensity, 

k 

! CO 

1 

0.57 


0.8() 

44° 

1.20 

ai 

0.01 

38 

0.91 

45 

1.25 

32 

0.05 

39 

0.05 

40 

1.31 

33 

0.09 

40 

1.00 

47 

1.36 

34 

0.73 

41 

1.05 

48 

1.41 

35 

0.77 

42 

1.10 

49 

1.47 

m 

0.S2 

43 

1.15 

50 

1.53 


For denionstrational purposes the pendulums might also 
bo released from the lingers. For more exact tests a me- 
chanical release is preferaAdc. That 
attached to the Clark instrument is 
]nctured in the accompanying cut. 

The release is shown as it would 
appear if looked at from a point about 
half-way up the central column of the 
instrument. The rod of the pendu- 
lum rests against the bent portion at 
the left end of the crossbar. The lat- 
ter turns easily about the screw by which it is fastened to 
the clamy), by which, in turn, the whole is fastened to the 
arcy of, the instrument. The curved piece, standing vertical 
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in the cut, is provided with a little hook at its lower end, 
which holds the crossbar till it is desired to release tin; 
j)eiiduliini, when by a slight upward pressure (that is, by a 
movement toward the observer when the release is seen as 
in the cut), the hook is drawn away, the crossbar turns, 
and the pendulum falls. The clhiiip is held in place on 
the arc l)y a set-screw beloAv. It is essential, of course, 
that the release work as easily and with as little noise as 
possible. 

Though the instrument is one that probably would be 
bought ready made, the following dijnensions given by 
Kampfe; may be convenient to some : base-board, of oak, 
45 cm. long, 15 cm. broad, 3 cm. thick ; central coliinm 
(steel), 33 cm. high, average diameter, 2 cm. ; cross-piece 
at the toj) of the column, 8.5 cm. long and 1 cm. in diiim- 
eter; length of pendulum rods (wood), 30 cm.; diameter of 
balls of 2 )endulum (Inard rubber), 3 cm. ; striking-block 
(ebony), 7 cm. long, 5 cm. broad, and (> cm. high. This is 
glued to the base instead of being fastened with screws; 
and the liole in it is made so large that it does not toucli 
the central column, in order to secure as uniform and un- 
complicated sounds as possible. The pendulums swing on 
points. Tlie arcs in Kiimpfe’s instrument were divided 
to single degrees, and in some j^arts apparently even 1(» 
tenths of a degree. For general use single degrees would 
certainly be line enough. The whole instrument is sn|)- 
])orted upoii thick pieces of felt to prevent any possible 
resonance of the table on which it is used.^ 

When the instrument is to be used, it should be so ad- 

1 Tn the in.stninient in tiie Clark laboratory, the chief differences are in tl>c 
shape of the ol>ony id(»ck, whi<di is a complete parallelopiped, ainl the conse - 
quent chMii^fe in the JeiiKtli of the upper cross-piece, and t>f the sei)aration "t 
the sliort f)o.sts from which tlie arcs spring;. The ctnitral column is also a little 
talierand the pcndulnnis a littte longer. The arcs are divided at inttM’vals ol 
5 and 10 degrees, the interinediato degrees having to be judged by eye.* 
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justed that the pendulums swing freely and the balls, when 
at rest, just touch the ebony block. 

PeuduluHi for Curryiiig a Small Tuiihig-forh, — Any 
convenient pendulum can be used for this purpose. That 
described below, though rude in construction, has proved 
useful for this and other purposes. 

The general plan of the instrument is shown in the cuts 
below. A shows the face view, and B the top board by 



itself; C and D show, on different scales, the screws on 
which the pendulum swings and the sockets that receive 
them. The rod of tlic pendulum is of wood, three and 
a half feet long, three inches wide, and half an inch thick. 
The bobs arc composed of several six-inch disks of sheet 
lead, superposed and fastened to the rod with a single screw 
through the c-entre. The screw of the u])per disk has a milled 
head, so that it may be more easily removed for altering the 
position of that bob. The lower bob is fixed ])ermanently 
with its centre seven inches from the end of the rod. The 
position of the upper bob, shown in J, makes its centre 
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come four and three-quarter inches from the upper end. 
These distances are, however, of no particular slgnihcance, 
and may be varied as convenient. With tliese dimensions, 
and bobs weigliing about three pounds each, the pendulum 
traverses its arc once in something less than 1.5 seconds. 
By idacing the upper bob very low on its part of the rod, 
the time may be quickened to one second or underd 

The supporting-frame is made of wood scven-cightlis 
of an inch thick, and has the following dimensions : base 
board oG X 8 indies, uprights 24 X 1 indies, top board 
34 X C inches. The to]3 board is pierced with an elliptical 
hole (8 X ^2 indies) as shown in Fig. //. The pendulum 
swings on the points of two screws jiassing through hard- 
wood brackets fastened on ojiposite sides of the pendulum 
rod (Fig. C). These are indies long on the side next 
the pendulum rod, 2| inches on that perpendicular to it, 
and I of an inch thic.k. The lower edge of the brackets is 
25 i inches from the lower end of the pendulum. 

The screws are ordinary stoed wood-screws about 2] 
inches long, filed down to a sharp point at the lower end, 
and extending about an inch below the brackets. The 
points stand 2] imdies outward from the pendulum rod 
on either side. It is important that these should go 
straight through the lirackets, and that the line connecting 
their points should be perpendicular to the rod of the ])en- 
duluni. The points rest in little sockets of brass and glass, 
as shown in section in Fig. D. The upper part is a stri]) 
of sheet brass, pierced with a conical liole about an eighth 


1 The instrument may he given a very fine gnulation of rates hy having U»<' 
upper bob so attached as to be moved up and down wltli a .screw. For det.iiN 
of such an instrument, giving very slow rates, however, see Howditch and War- 
ren, The Knee-jerk and Its Physiological Modillcatlons, ,/ourrml of Physiolotni, 
XI., 1890, 29 ft’. 

* This frame was made in the first instance for another purpose, a»d somt* 
of its dimensions can be changed with advantage. 
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of an inch in diameter at the top and something over a 
thirty-second at the bottom. Between the brass strip and 
the top board of the frame (thus closing the bottom of 
this conical hole) is held a bit of smooth glass, a piece of 
a broken microscope slide, which furnishes tlie actual sup- 
port for tlie screw-point mentioned above, ''riiese sockets 
must, of course, be so placed that they do not liinder tlie 
swinging of the pendulum, while they still keep it in its 
place. 

On the back of the pendulum rod, a little below the 
point of support, a coujile of binding-posts, such as are 
used for electrical connections, are fastened. The holes 
in these posts have been enlarged to about three-sixteenths 
of an inch. A bit of steel rod is passed through the holes, 
and on it a small brass weight is fastened, which can be 
sliifted to one side or the other to compensate any ine- 
quality in the large weights, and make the rest-position of 
the rod come at the middle of the base-board. 

The small tuning-fork (an ordinary one) is attached to 
the pendulum by thrusting its stem into a suitable hole 
near the lower end of the rod. The fork must be so placed 
that the tines vibrate lengthwise of the pendulum, not 
crosswise of it. 

A Rubber Hammer is easily made by mounting a large 
rubber cork on a wooden handle. 

Apparatus for Highest Audible Tones. — Simple appa- 
ratus for this purpose is all more or less unsatisfactory. 
The most convenient instrument is probably the (lalton 
whistle, which can be had in different forms and at various 
prices, from about live dollars upward.^ The instrument 
is a minute whistle or organ-pipe, blown by pressure upon 
a rubber bulb, and capable of change of length by means 
of a plunger which closes the other end of the tube. The 


* Qalton, Inquiries into Hiiniaii Faculty, Lonilon, 1883, p. 376 If. 
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precise tone given with any position of the plunger is diffi- 
cult to fix, however, and varies with the pressure of tlie 
air with which tlie wliistle is blown, so that tests with it, 
at the best, are very rough. All that the instrument can 
safely show, except when handled with elaborate precau- 
tions, is tlie general character of very high tones, and tlie 
fact that some jicrsons can still hear tones that others can- 
not. The instrunumts also differ among themselves, and 
some are said to produce a good tone with settings at which 
others give one nnich obscured by the rushing sound of 
the air. ^ 

The following table of values is given by the (Cambridge 
Scientific Instrument Company of ('ambridge, England, 
from calculations bascul on exjieriments, for an instrument 
of very small bore (about 0.7 mm.) made by them ; but it 
k is hardly likely that they themselves would contend for a 
high degree of certainty in the yalues given, es])e(;ially at 
the upper end of the scale. 


I.KN<}T1I <»K Till*: 

WinSTLK IX MM. 

XrMI'.KU OK 
VIHKATIONS. 1 

LiKNOTH OK TIIK. 

WHISTI.K IX MM. 

NIIMHK.R OK 

VIRUATIONS. 

1.0 

42,500 

2.0 

21,2.'i0 

1.2 

;}s,ooo 

3,5 

18,890 

1.4 

;15,40() 

4.0 

17,000 

1.5 

2,4,000 

5.0 

14,170 

1.0 

22,700 

0.0 

12,140 

1.8 

20,.2(X) 

7.0 

10,(}20 

2.0 

28,220 

8.0 

9,440 

2.5 

24,290 

9.0 

8,500 



10.0 

7,720 


The following values are from results found by Stum])l 
and Meyer ^ in actual tests with a Galton whistle of a forin 

1 bio Hobr liolieu Tbiieii, Wiedemami's An- 

nalen. LXI., 1897, 7G0-779. 
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devised by l^rofessor Edeliiiaiiii of Muiiicli. The bore of 
this instrument was 4 mm., and it was blown with com- 
pressed air. 


KUMHKU OK 

liKNiiTK OK Tim 

NUMHKIt OK 

LiKXOTJI OK THK 

VIHKATIONS. 

WHISTLK J.N MM. 

VIliK.VriONS. 

WHl.STLK IN MM. 

4,000 

19.0 

10,000 , 

().() 

5,000 

15.2 

11,000 

5.7 

(!,000 

12.4 

12,000 

4.8 

7,000 

10.4 

13,000 

4.25 

8,000 

8.85 

13,000 

8.9 

0,0 (XI 

• 7.5 

14,000 

8.7 


The steel cylinders, sometimes used for demonstratini^ 
tones of very high pitch, are to be had from dcahu’s in 
physical instruments generally; but of the a(‘curac.y with 
wliich tliey may give the pibdies assigned to them, the 
writer is ignorant. 

Apixtvdttts for the Lower Limit of Piteli is also some- 
what unsatisfactory. A *good instrunnmt for deanonstra- 

tion is said to be Appunids lamella,^ a w(‘iglited tongue 

of steel giving rates from 4 to 21: per stTond. A thin strip 
of steel, Joiided at one (Uid and c.la.m})ed in a vise, could per- 
haps be used, and its rate determined afterward by making 
it t.iAee on a smoked glass plate or otluu'wise. In any ease 
the tones thus i)rodueed are very weak, but will serv(‘- in 
Mx. (38, where the intention is rather the demonstration 
of the character of these very low tones than an (^xaet 
determination of the limit of audibility. 

Tun in (/-for Ls. The tuning-forks needed for the experi- 
ments of this cha])ter are a set of large forks on reso- 
nance boxes, including the following : c, / (two of this 
l>itch), 6*"; a set of niistuned forks for just observable 

* Anton Appuini, Nurnhergerstrasse, 12, Hunan a. M., Germany. 
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difference in pitcli (or a pair of forks one of which is 
provided with running weights) ; ordinary forks giving a' 
and c", and one giving 6*"'. It would also be convenient 
to have a set of large forks on resonance boxes, giving all 
tlie tones of the octave from c' to c", but this is not neces- 
sary. 

Tlie Large Forks on Resonance Boxes will probably bo 
purcliased. The others can be made Avitlxput very great 
trouble from the forks sold in the music-stdres. 

Tlie Set of Mistimed Forks for just observable difference 
ill pitch may be prepared from such forks. Select hall 
a dozen forks, picking out those Avith prongs as nearly 
alike as possible in all respc^cts, and such .as sustain th(‘ir 
tone >vell. Take one of these as a standard, .and tune tlie 
next sharp by .about one beat per second, the next by two, 
the next by three, and so on. The forks are tuned sliarp 
by filing at the ends of the prongs, either so as to sliorttni 
them, or on the inside near the ends so as to make the ends 
lighter. Care should be taken ‘to keep tlie prongs eqiuil 
if they arc so at the start, or to correct them if une([ual. 
If too much is taken off, so that the pitch of the fork needs 
to be reduced again, file in the crotcli of the fork, or on the 
prongs near the crotcli, preferably the former. Having 
tuned the forks as near as convenient to the pitclnft i-c- 
quired, mark them in some Av.ay so tliat they can again be 
recognized, and lay them asidfi for more exact counting 
later. For this later counting prepare a resonance bottle 
(see beloAv), .and holding both forks over it at once, count 
tlie beats for ten seconds if possible, counting the first beat 
‘‘ nought.’’ llepe.at the counting several times, but not :d 
the same sitting, and take the average of the results. 
Beats from 2 to 4 per second are best for counting, and 
forks beating faster or slower than this can be deteryiincd 
indirectly, and the rates of all checked by counts of various 
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combinations.^ The little riders iiieiitioiied in Ex. 71 may 
be made by cutting off quarter-inch bits from rubber tub- 
ing that will lit tight upon the prongs of the fork, or by 
using little spring clips of wire. 

Forks giving and e'", an octiive higher than the 
ordinary a ' and c " forks, can be made by emitting off the 
latter, and tuning by beats with other a' and c/' forks. 
Fork for example, will beat with a', and the tuning 
is to be continued till the beating disappears. The stems 
of the forks may in this case be pressed against a table 
top or sounding-board, to strengthen the partial tones on 
which the beating in large part depends. 

For the Resonance Rattle mentioned above, any bottle 
may be used, and can be tunetl to the right pitch by pour- 
ing in water, which raises the pitch ; or, if the mouth is 
wide, by partially covering it with a card, which lowers the 
pitch. A six-ounce wide-mouthed bottle is about right for 
the c" forks, and can be tuned for the by partially 
covering the mouth with a ’card, the proper amount of cov- 
ering being found by trial. When the amount is once 
found, th(5 card may be fastened in position with wax. 
For picture and description of s\ich bottles, see Mayer, 
“Sound,’’ pp. J02 f. 

Tl.f Sonometer is simply a long Hat box with a very 
thin top, which s('rves as a sounding-board for the strings 
that are stretched over it. #ne can be had from the phys- 
ical instrument-makers at prices from about live dollars 

^ The following; ure the dinictioiis for very exact counting given by Klli.s, 
Uelinholtz’s SensJilions of Tone, 2d ed., London, 1885, p. 443 f. ; “ Ooiint on one 
‘lay the heats ht‘t\vetMi forks 1 and 2, 3 and 4, 5 and G, etc., so that the same fork is 
isot used for two counts on the same day. Kxcite by striking with a S(»ft ball of 
tine flannel wound round the end of a piece of whalebone, as a bow is not con- 
venient unless the forks are tightly fixed. Each blow or bowing heats, and 
hence flattens, and this tells if the experiments on any one fork are long con- 
tinued. •Cfuint each set of beats for 40 seconds if possible, and many times 
over, registering the temi>erature and the beats, and taking the mean.” 
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upward, or can be made by a carpenter. For dinieiisioiis 
and directions for making, see Mayer, ^^Sound,’^ j)p. 121) f. 
For many experiments any stringed instrument, of which 
many cheap forms are to be found in the music-stores, 
would do, or even a brass wire stretched across a table top. 

The Tiesonafora will probably be purchased. Tlie b(\st 
are sphericiil. Those made by Kbnig, the cch'brated 
acoustical instiainient-maker of Faris, may be had of tlic 
physi(^al insti’iiment dealers, but are expensive. Glieajx'r 
conical resonators are made by Appunn, but with these the 
writer has had no experience. For more l-elined apparat us 
for many of the experiments of this chapter, the catalogues 
of these makers should be considted. 


The Piston, U'hlsfJos mentioned in the text could, a f(‘w 
years ago, be pnrcliased in the toy-stores, but probaldy 
not now in the market. Substitutes for them can easil}' 
be made, however, by notching a x>iece of small bru,ss tnbini,^ 
of smooth bore exactly as a willow twig is notched in muk- 

• ing a wliistle, and lil- 



ting it with a l)it oL“ 
steel rod as a plungiu’. 
The mouth end of 1 he 
whistlt} should not h(‘ 
cut slanting, a.^^ in it 
willow whistle, ])ul 
left square. A thr(‘(‘- 
01* four-inch ])iec(‘ oF 
rubber tubing may 
then be drawn over 
this end for a moutli 
piece. Two such pi^- 
ton whistles may tain* 


the place of the bottle whistles. 


The Bottle Whistles are even simpler in inanufactm- 
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iliaii tlui piston wliisilos. Thoy aro niado by fastening a 
piece of rubber tubing to tlie lip and necjk of a bottle, as 
in the cut, or Ijetter still, by splitting the tul)e a little way 
s© that the upper half may extend an eighth or three-six- 
teentlis of an inch over the lip; but care must betaken 
that it does not project too far. llottles of wide lip give 
good results. ¥or a similar but more permanent construc- 
tion, see Helnilu)lt/.’s ‘^Sensations of Tone,” p. (K). For 
use in these ex])eriments, prescription viiils of ounce size 
will be convenient. 

On Apjffrratus for Mdl^hnj Ihjdrofjen consult a work on 
chemistry. Some means of mixing the hydrogen with air, 
and a glass tidjc for blowing the biibbl(\s, will also be neces- 
sary. If bubbles can be blown of mixed oxygen and hydro- 
gen instead of hydrogen and air, the effect will probably be 
more striking. 

The ^^SiKtpper Soundcv^'^ or ^‘telegraph snapper,” is to be 
had of dealers in telegraphic supplies at from about thirty 
to seventy-fivi^ cents. Thdt shown in 
tiK^ margin is of the lower priced sort. 

Tn a number of cases experiments 
liave been given for the piano or parlor 
organ. it is assumed, of course, that 
tlicse Vill be borrowed. Sometimes the S2)ecially tuned 
Harmonival, designed by Fliis to illustrate the tlieories of 
Helmholtz (sec description of the instrument in his trans- 
lation of Helmholtz’s ‘‘Sensations of Tone,” ])p. ibb-dOt), 
also 17, 22, and IbS), would be better. This instruimuit is 
iua<le by Messrs, ^loore and Moore, lOi-lOd l>isho])sgate 
Street Within, J.ondon, F. (b, at between forty and lifty dol- 
lars. For the proper tuning of the instrument, however, a 
^[)ecial set of nineteen forks is necessary. 
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Apparatus for Chapters V., VI., and VII., on Vision, 
Experiments 104-233. 

Of general apparatus the following will be required : a 
candle ; two pasteboard tubes about an inch and a half in 
diameter and a foot long; a bit of straiglit wire six or 
eight inches long ; three flat buttons ; any convenient set 
of pictures (a set cut from the illustrated magazines and 
mounted on cards, will answer every purpose); pieces of 
plain and colored glass, about 5x8 inches in size — two or 
three pieces of plain, one piece red, one piece green, three 
pieces blue, one piece each of any other convenient colors; 
white tissue paper, colored and gray papers, black and 
white cardboard ; kindergarten materials (weaving strips, 
rings, and dots) ; and colored gelatine in the principal 
colors (including violet and purple), which may be sub- 
stituted in many cases for the colored glass. 

Colored and gray papers can be had from Arms dealing 
in materials for color-teaching in the schools. A long 
sbries of gray papers, particularly full in very dark grays, 
is furnished by Rudolph Rothe of Frag. The black card- 
board should be dull finished, not shiny. Colorecl cardboard 
is also to be had from the printers and stationers, and is 
very convenient in making diagrams requiring oolorod 
backgrounds. The colored gelatine can be had of some 
of the dealers in physical instruments or of those wlm 
furnish stercopticon supplies. 

Of materials for special experiments tlie following will 
be required : a pink-eyed rabbit, with conveniences lor 
etherizing and removing eyes, and a little modeling-clay ; 
three or four inches of small platinum wire ; a little chrome- 
alum, though this may be omitted if purple, or violet gehi- 
tiiie is at hand. If the chrome alum is to be used, make a 
saturated solution in water, filter, and put into a flat-sided, 
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clear glass bottle. Dilute, if necessary, till the yellow 
spot can be observed as described in the experiment. 

Of special apparatus there will be needed : a double 
convex lens of short focus (a reading-glass will answer) ; d? 
double concave lens, e.g., a spectacle lens ; an ordinary 
glass prism of 60° angle ; a prism of 10-20° angle, to be 
h.'id of dealers in oculists’ supplies ; acampimeter; a bat- 
tery and electrodes for optical stimulation; an induction 
coil and small (xeissler tube ; a dark box with photographic 
shutter (the latter serves very conveniently in maii}^ cases 
as a substitute for the induction coil and Geissler tube) ; a 
color-wheel and a number of special disks ; llobngren’s 
wools ; a spectroscope ; a metronome ; a reflection color- 
mixer; a double refraction prism ; a binocuhu* color-mixer ; 
a Galton bar ; a krypteon ; medallions and spoiually colored 
masks ; a frame of parallel threads as described in Ex. 
196 c; a concave mirror ; an ordinary. stereosco))e (not very 
necessary) ; a haploscope ; Martius-Matzdorff’s set of dia- 
grams ; a Wheatstone stereoscope, convertible to a tele- 
stereoscope ; a x)seudoscope ; a zoetrope ; and a number t)f 
special diagrams for the experiment of the “ fluttering 
heart.” 

The lenses, prisms, and several other pieces will, of 
course, be purchased, and need no further comment. 

The Caniplmeter is simply a large but thin wooden 
plane with some sort of support for the head flxed before 
it. That in the Clark laboratory, which is shown in the 
cut below, has a surface of 3x4 feet, and is half an inch 
thick; a plane 2x4 feet would, however, answer every 
purpose. 

The plane shauld be so made that it can be clamped 
to the table top. The head-rest is 8 X 9i- inches in size, 
strengthened by a two-inch piece across the back at the 
bottom, and mounted on the top of a steel rod, which is 



” *“> ''".-i™ .,,,„8j,; ;r‘£ 

s. lo, tJio adjustable sto.d 
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is required, it is m-es^^a.Vr 
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a half inches wide by three long, and covering them with 
cloth. Some kind ‘of a key for opening and closing the 
circuit, and a commutator for changing the direction of 
the current, are helpful, though not essential. Yor sugges- 
tions on batteries, see the remarks on General Apparatus. 

A JhirU P(yx of very simple construction is shown in 
section in the cut in the margin.^ 

A box seven inches S(piare (inside measureinent) and 
eighteen inches high, made of half-ijich stuff, is convenient. 
The joints may be made light 
proof by covering with black 
cardboard or otherwise, and 
the box provided Avith a re- 
movable cover, Avith strips in- 
side to keep it in place and 
])revent light from entering 
between it and the top of the 
box. 

A little larger nieasurenunit 
than sev(m inches woidd be 
l)etter, but that size lias tlie 
advantage of being just right 
lor the use of Ciird board in 
lining the box. The ordinary 
black and white cardboards 
come. 22 X -‘S inches in size, 
and a complete lining of either black or white, can easily 
bi! made liy cutting a strip of cardboard of the recpiired 
t‘()lor 18 inches Avide, marking it olf into lour trans\au'se 
strips, each 18 x T, by cutting half througli the card 
from the back Avith the point of a knife, and folding it 
up into shape. AVhen an oViject or iliagram ]>hiced within 

' Mudo Jiftcr the scluMue of llelmliolt/; sec his l’hysii)h)gischo OpUk, 
:to Aufl.*p. 710 (p.507 of the lirst edition). 
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the box is to be seen by instantaneous illumination, as iu 
Exs. 200 and 218 c, it is well to line the box throughout 
with white. When very complete darkness is aimed at, as 
in Exs. 130, 178, and 220 b, the black lining should of course 
be substituted. The lieight of the box is unessential, IS 
inches being taken smiply because it brings the top of the 
box, when standing on the table, a little above the eyes of 
a seated ol)server. 

Opposite each ot her, in the front and back of the box, 
two horizontal slots should be cut, about inches long by 
half an inch wide ; the first as an eye-hole, the second to 
allow a little light to enter through ])in-holes *iu the di;i- 
grams when points of fixation are required. Hound holes, 
suitably spaced, may take the place of tlie slots, and have 
the advantage of being easily stopped with corks if desired. 

When some of the experiments of the course were writ- 
ten, a more elaborate box was in mind. Everything essen- 
tial, however, can be done with the one described, iind the 
sliglit changes in the setting of the experiments will offer 
no difficulty. 

Instantaneous illiniiination can be secured by hanging a 
Geissler tube in the box, and discharging single induction 
sparks through it. A convenient 
way of introducing the current 
and hanging the tube is by means 
of double binding-posts having a 
head within the box and anotlnu* 
without. The.se can easily be made of a couple of binding- 
posts of the sort having separate screws for attachiiuMil, 
by sawing off the head of the screw, passing its stein 
through the side of the box, and screwing on another ]>n;st 
inside. 

Any induction coil that can be arranged to give singl'* 
sparks can be used with the Geissler tube; but for gein i d 
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laboratory purposes, apart from these experiments, the coil 
should be one in wiiich the primary and secondary coils 
are separable, as in the Du Bois-Reymond sliding induc- 
tion coil, well known in the physiological laboratories. 

A better means of instantaneous illumination, in some 
ways, is a photographic shutter attached to the top or side 
of the box. It is a little difficult to cause the light from 
the shutter to fall on the diagram, but it may be accom- 
plished more or less completely by properly adjusting the 
box with reference to the source of illumination, or by 
j)lacing a mirror inside the box to direct the light upon 
tlie diagram. 

The Color-Mixer or Color- Wheel is to be had in many 
forms from the different makers, at prices ranging from 
five dollars upward. In selecting an instrument, it is im- 
portant to see that it is easily capable of sufficient speed to 
give a steady mixture with a disk composed of one part of 
black and one of white ; that it runs so smoothly that the 
disk does not flutter; and that it is provided with means 
for ready determination of the proportions of the differ- 
ent colors combined, e.g., by a protractor, or by graduated 
disks. A little electric motor serves admirably in many 
cases, if batteries or other means of driving it are available. 
Many of the experiments can be made with the color tops 
s(dd as toys, or with the very simple one suggested by Dr. 
Howditch in his Hints on Teaching Physiology ; ” to wit, 
n- button-mould fitted with a peg, and spun with the fingers. 
One an inch and three-quarters in diameter, and carrying 
disks two and a half inches in diameter, shows the con- 
trast effects of Ex. 152 d as elegantly as could be desired. 
The disks are held in place by a piece of rubber tubing of 
very small bore, fitting snugly upon the stem, and twisted 
down ypoii the disks like a nut. A top of this kind with a 
large assortment of disks is now to be had from the physi- 
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cal instrument dealers at six cents each. An apparatus 
using larger disks, and operated on the principle of a boy’s 

buzzev,’' is contained in Bradley^s Pseudoptical Set (as is 
also a little top like that just inentioned), but can only 
be used with disks in which the proportion of colors is per- 
manently lixed ; for the motion is alternately in oppositci 
diree-lions. 

Seveial dealers furnish disks of colored paper in a vari- 
ety of colors ready cut. These are a great convenience, and 
at times almost essential ; for if the cutting is inexact, 
the disks will appear when in rotation with bothersonio 
fringes of color. 

When the speed of rotation is sufficient, disks may ])e' 
slipped together, as in the cut below, and any required pio- 

portion of colors easily 
arranged. If the rotation 
is not suffici(‘ntly lapid, 
the sectors must made 
smaller and more ninmu- 
ous. This is not niucli 
trouble wlien the })ro})()r- 
tions of color are to ns 
main constant, but where 
adjustments are to be made, the multiplicity of sectors 
is a disadvantage. 

Besides the colored paper disks, a number of special disks 
are required in the following exi)eriments : — 



Kx. VlLl. TFor this use the red saturation disk of Kx. tot).) 

Disk hearing a number of equal sectors of black jui‘ 1 
white; h, spiral disk (see cut on p. 117). 
tan. Set of saturation disks. 

140. Disks for least change of intensity (see cut on p. I')t0- 

141. Set of intensity disks (see eut on p. 141). 

144. Disks for Fechner’s colors (see cut on p. ^105). 
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145. Disk with the same proportions of black and white, differ- 
ently arranged in concentric rings (see cut, p. 144) ; 
also a disk with different proportions of black and white 
similarly arranged ; this disk also shows contrasting 
grays (see cut, i). 145). 

152. Contrast disk for grays (not necessary if the last disk 
above is at hand), also a set of disks for color contrasts 
(both pictured on p. 158). 

160. Disk for retinal oscillation. 

163c. Disk for contrast with induced color marked off by heavy 
lines of demarcation. 

221a. Disk for stereoscopy with moving image (see cut p. 21)5). 
b. Disks for binocular stroboscopy (sec cut p. 296). 

2235. and 231. Disk with radial bands. 

228a. Disks for inono(!ular stroboscopy (see cut p. 296). 

2345. Disks for demonstrating Weber’s Law (sec cuts pp. 335 f. 
and sx)ecilications p. 412 f. ). 

Where sets of disks ure mentioned in the above list, 
single disks of a sole(d>ed color may be substituted in case 
it is desired to limit tlie number. Most of the disks have 
been briefly described in ’the text, l)ut a few^ additional 
particulars may be helpful. 

In planning a full collection of disks, it is well to fix 
on a standard size tliat will be oeonoinieal of cardboard. 
From board of tlie size before Jinuitioiied can bo cut nine 
disks nearly eiglit incdies in diameter, whicli is a convenient 
size for individual experimentation or dtuuonstration before 
small groups of students. Th(3 sa,mc sheets allow the cut- 
ting of two disks of fifteen inches in diameter. When no 
size is specified, the S-iiich disks are meant; when large 
disks are mentioned, tlie lo-ineh, unless speeial measure- 
inents are given, ^fost of the cuts in the text show the 
disks in the form rec^uired for moderate rates of rotation, 
and even wlien a liigli rate is attainable, it is convenient 
to have these permanent disks adjusted for slower rates, 
because of tlie steadier motion. 



394 LABOHATOUY COURSE IN PSYCllOLOGY 


For the black-and-white disk of Ex. 128 a, that used in 
Ex. .152 d, or indeed almost any one of the black-and-white 
disks of other experiments, could 
probably be used, if a special disk 
is required, it may be made like 
that in the margin. 

The .sjjiral disk for Ex. 128 h 
should be of the larger size. It is 
interesting to vary the experiment 
^ ^ by using two disks at the same time, 

one large and one small, carrying 
• spirals of opposite direction, the small one put on in front 
of the other. To di*aw a spiral on the disk, it is only neces- 
sary to fasten a pencil in a thread as for drawing a circle, 
and then to have the thread wind about a post of suitable 
size as the pcmdl makes its circuits ; or, better perhaps, to 
start with the threaxl wound up, and to trace the spiral as 
tlie thread unwinds. A little care and practice will pro- 
duce satisfactory results. The writer has found it conve- 
nient in drawing spirals to fasten tlie cardboard u])on a 
plank or table top, and to screw into the jdank through the> 
cardboard a screw-post, like that shown at half size in tlu^ 
margin. The post is slightly less than 0.3 inches in diam- 
eter under the head, aiid thus gives a spiral with the corrc'- 
sponding ])arts of the turns almost exactly an 
inch apart. The thi’cad is put through a hole 
in the head of th('. post, then carried up and 
fastened out of the way about the little knob on 
top. Tn order to keep the pencil from getting 
away from the thr(\ad, a bit of sheet brass was bored with 



a sixteenth-inch hole, and tied Jit the end of the thread. 
This is shown at the right in the cut. A convenient 
width for the black line of the spiral is seven-sixteentlis 
of an inch, and for the white, nine-sixteenths. 
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The saturation disks may he made in the six principal 
colors (red will be especially needed), and will be made 
most easily by pasting colored papers upon white disks. 
The ^color must be given a leaf shape, something like the 
black in disk A on p. 335, but narrower, and may, with 
advantage as regards spceil, be distrib\||ed upon six radii 
instead of three. 

The disk for least change of intensity in a white ground 
is sufficiently described in the text, ]). 139. 

The disks for showing simultaneously the whole range of 
intensities are made like the saturation disks; but the col- 
ored paper is this time given a star shape, as in the cut on 
p. 141, and is pasted upon black disks instead of white. 
AVhile not re(piired for the experiment, a black disk carry- 
ing a white star may well be added for the beiiuty of the 
grays which it presents. 

Almost any of the black-and-white disks will show 
Fechner’s colors when rotated at the proper speed. For 
the pierced disk mentioned, Rood made use of four radial 



B 


slits of 7° each ; the disk should be of black cardboard. 
Since Kx. 144 was printed, interest in these colors has 
been aroused by the publication in N^afure of a description 
of a special top that exhibits them (vol. li., 1804-95, see 
the index under top ”). Fig. A above shows the original 
form* described. B is a form recoiiiiiiended by a later cor- 
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respondent in Naiare. ([). 510), but untried by the present 
writer. Tt has the advantage of making the proportions of 
blaek and white variable, which is said to bo an important 
eondition. A black disk and a wliite one carrying a spiral 
are eombined, as indicated on p. 392 above. The spiral 
line in the cut i#nn fortunately much too wide — a line 
only one-fifth the width of the intervening white s^iaces, 
or even less, is recommended. 

The disk with equal quantities of black and white, Imt 
differently distributed, and that for different i)ro])ortions 
of black and white similarly distributed, will be suflioiontly 
clear from the cuts on pp. 144 f. The latter is repeated, 
except as to the number of gradations, in a form for slower 
rotation, in the cut at the left on p. 158. lloth would be 
improved as contrast disks by a margin of white on the 
outer edge. 

The disks for color contrast may be prepared in various 
colors, e.g., in the four principal colors, or if this seems 
more than necessaiy, in green alone (see cut at the right 
on p. 158). Tlie color may be conveniently applied, as be- 
fore, in the form of colored paper. A similar disk, carrying 
two narrower concentric rings for contrast, one bordered on 
both sides by a heavy black line (e.g., 1 mm. broad), is used 
in Ex. 153 e. Both will probably bo fully understood from 
the description in the text (pp. 158 ff.). 

The disk for retinal oscillation is also described in the 
text (p. 1G8). The dimensions there given are not essen- 
tial ; smaller disks serve as well. The same is true of that 
for stereoscojjy with moving figures (p]). 294 f.). The only 
important point is that the smaller circle should not be 
too eccentric. 

The disks for binocular stroboscopy (p. 29G) as used in 
the Clark laboratory are unnecessarily large (A 22 inches, 
i? 16| inches, and O 13 indies). For most jmiqioses the 



StTGGJ^STIONS 02^ APPARATUS. 


897 


following xliinonsions would be better: A 15 inches, 7> 11 
inches, C 71 inches. If the latter are chosen, the follow- 
ing would be about right for the diniensions of the slits : 
narrow slits in A inches long, with their outer cuds 
I inch from the edge of the disk, breadth G° ; the curved 
sides of the broader openings 5- inchesftind oj inches re- • 
spectively from the centre, angular brejulth about 40". The 
slits in B should be the same distance from the centre as 
the larger openings in A, and in angular extent the same 
as the narrow ones, that is, 6®. 

Disks for showing the ordinary phenomena of strobos- 
copy with the color-wheel and a mirror may be readily pre- 



pared in the laboratory. The size of the disks will of 
course vary with the aj^paratus with Avhich they are to be 
used ; the following dimensions are from a small strobo- 
scope turned by hand, but can easily be changed to make 
disks suitable for the color-mixer. 

DiaJineter of disk A inches, diameter of circle on whicli 
the oponings stand 6^- inches, diameter of openings 
inch. These openings were cut with a belt punch ; they 
may be rei)laced by radial slits if more convenient. Di- 
ameter of disk B 6} inches, diameter of circle passing 
through the centres of outline circles 4^ inches, diameter 
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of circle x^assiiig through the centres of outer ring of black 
dots 3/^ inches ; same for inner ring of black dots 2| inches. 
The outline circles are just under J of an inch in diameter, 
and the solid black dots inside them just under ^ of an 
inch. C represents the disks combined for use. Unless 
, both sides of the. large disk are black, it will be found 
better, however, to turn A over so as to bring the black 
side next tlie eye. Such a pair of disks shows all the 
essential plienoniena of the stroboscope. 

The disk with radial bands like spokes, mentioned in 
Exs. 223 h and 231, should be of the larger size (15 indies), 
and may carry a dozen bands each half an inch wide. 

Colored worsteds for making Holmgren’s test for color- 
blindness can be had from tlie dealers in oculists’ appara- 
tus, either in little separate skeins, or arranged in more or 
less elaborate fashion in frames or holders of some sort. A 
simple set is to be found in the front of Galton’s Life 
History Album.” 

The Sj^f^ctroscope used in the Clark laboratory for Exs. 
138 and 141 is a single prism instrument of no very great 
expense. Any instrument which shows the Eraunhofer 
lines as far as Jl Avithout too much difficulty would proba- 
bly answer. 

The Metronome in Ex. 145 is such as is used by musi- 
dans. If the pendulum mentioned above (p. 377) were 
arranged Avith an electrical contact and made to work a 
telegraph sounder, it would ansAver equally Avell for this 
purpose and would be otherwise useful. The simplest sort 
of electrical contact is made by carrying a fine wire doAvn 
the pendulum rod, and allowing it to dip into a little glob- 
ule of mercury in a mercury cup on the base-board. The 
upper end of the Avire twisted into an open spiral may be 
fastened to a binding-post set into tlie front of the frame 
near the point of support of the pendulum, and will not in- 
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terfere very much with the swinging. A convenient mer- 
cury cup may be made by fastening a short bit of glass 
tubing with wax upon the top of the uppcf screw of a 
double binding-post. Such a cuj) is adjustable in height, 
and has in the lower binding-screw a means of connection 
with the rest of tlie circuit ; but care must be taken to- 
rernove the lacquer from the top of the upper screw so as; 
to insure good contact between the brass and the mercury. 

The construction of the lirjlection Color-Mixer is proba- 
bly sufficiently clear from the description and cut on p. 150. 
The same is true of the A 2 )par<itiis for Jiafjona Scina^s 
Experivieiit (p. 156): This experiment does not, however, 
require a special piece of apparatus, the effect being very 
clear when the diagrams are in the same plane and the 
colored glass is held vertical like the plain glass in the 
reflection color-mixer. 

For the Double Refracting Prism in Ex. 150 b use a crys- 
tal of Iceland spar, to be had at a small price from the phys- 
ical instrument dealers. ‘The requirement of achromatism 
made in the last line of the experiment is unnecessary.^ 

The Binocular Color-Mixer mentioned in Exs. 156 a and 
167 a is a piece of apparatus devised l)y Ilering, and de- 
scribed by him in the Zeitschrift fur Pst/chologie, T., 1890, 
23-28. It is made by Rothe of Prag, in neat form and at 
a low price ; but the apparatus is simple, and any carpenter 
can make of wood one that will answer. The aim in Ex. 
156 is to secure a binocular mixture of blue and red. For 
this purpose blue and red glasses may be used before the 
eyes, provided that a good deal of white can also be mixed 
in with the color of the glass. This is accomplished by 
letting the glasses stand at an angle, and reflect on their 

1 Rothe makes a simultaneous contrast apparatus after a plan of Hering’s, 
in whi^h such prisms are used. The instrument is convenient for demonstrating 
color-mixing by this method as well as for contrast. 
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Tippet surface tlie images of suitably placed white screens. 
The (piantity of white light is regulated by tlie position of 
the screens with reference to the source of illumination, and 
by the inclination of the colored glasses. The following 
cut shows the arrangement of glasses and screens. J\\ and 
W 2 are the screens, R and B the red and blue glasses, W a 
white surface. In the carpenter-made instrument in the 
Clark laboratory the following plan and dimensions were 
used : in the middle of a base-board, 30 inches long and 
12 inches wide, was placed another board 12 inches long and 
10 inches wide, leaving a margin of an inch on each side, 

and of 9 inches at the 



ends. This little 2 )hit- 
form bears a piece of 
white cardboard corre- 
sponding to W in the 
diagram. On the nearer 
edge of this platform 
is fastened an upright 
piece 15 inches higli 
and 3 inches wide. At 
its upper end, 011 the 
forward side, this upright carries the frames that hold the 
glasses R and B, The glasses are 4 inches square, and 
are framed on three sides only, the upper edge being 
left free so that the glasses may come close to the eyes. 
(Glasses 2 inches square, or even less, vumld do as well 
or better.) The frames are small pieces of board 0 inches 
long and 5 inches wide, Avith a square piece (three and 
three-quarter inches on the side) taken from the middle 
of their upper ends, leaving each like a U with very 
square corners and a heavy bottom. Over these square 
holes the glasses are fastened. The frames are fastened 
with a single screw each to the upright before mentioned, 
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the screws entering the frames about an inch and a half 
below the free edge of the glass. ^ When in ].x)sition, the 
glasses rise about three-quarters of an inch above the top 
of the post, and stand like the sides of a roof. They 
do not quite meet, however, but leave a space for the ob- 
server’s nose between them when tlie apparatus is in use. 
The screws that hold the frames should be tight enough to 
keep them in position, but not so tight as to prevent their 
turning in adjustment. 

The side screens of the instrument are exactly alike, and 
the description of one will do for both. Eacli is a piece of 
half-inch board 0 inches wide and 13^ inches long. This 
board turns midway from top to bottom on two screws put 
through the sides of a light frame just large enough to 
enclose it. The frame itself is fastened to a broad xdece of 
board, whicjh forms its base and rests in turn on the base- 
board of the instrument. A jjeg in the middle of the base 
of the frame, fitting into a hole in the base of the instru- 
ment, allows tlie rotation* of the frame and screen about 
a vertical axis. The. vscreen is thus made adjustable in two 
directions. Its face is covered witli white cardboard. It 
is highly important that all the white surfaces be without 
noticeable spots, and the colored glasses free from flaws. 

The instrument in this condition will serve for binocu- 
lar color-mixing. For sinudtaneous contrast by Tlering’s 
binocular method (Fx. 156) some slight additions are re- 
quired. On the front of the upright, and six inches uj^ward 
from its foot, a wire about three and a half indies long is 
set, and extends forward perpendicular to its surface. At 
the end of the wire is a little button of cork, the fixation 
I)oint K in the diagram. On the surface W, and jjarallel 
to this wire, is pasted a strip of blade x^aper, a quarter of 
an inqh wide, represented by S in the diagram. 

All instrument constructed on this jdan is unnecessarily 



402 LABOHATOnr COURSE IN PSYCDOLOGY. 


cumbrous, and would probably work as well if the side 
screens as well as the glasses were somewhat reduced in 
size. The rotation of the screens about a horizontal axis is 
also hardly Avorth while. 

The Frame of Parallel Threads, mentioned in Exs. 19G c 
and 210 e, is probably sufficiently clear from the text. 

The Gallon Bar can be had ready made of the Cambridge 
Scientific Instrunient Company, under the name of ^^Line 
Division Testing Apparatus.’’ As furnished by this com- 
pany it consists of an ebonite strip 10 inches long, 1 inch 
wide, and an eighth of an inch thick. On the back of this, 
and extending over a little from either edge upon its face, 
is a light brass slide. The parts that extend over upon 
the face carry between tliem, crosswise of the bar and close 
to its surface, a white thread which divides the bar into 
two portions, equal or unequal, according to the setting 
of the slide. On the back of the bar is a fine cross-line 
marking the middle of the bar. This line is visible through 
a rectangular opening in the back of the slide, and on the 
edge of this opening a scale is cut, divided to tenths of aft 
inch, by Avhich the position of the slide, and so of ilie 
above-mentioned white thread, can be read at any instant 
in tenths of an inch, or, since the bar is 10 indies long, in 
percentage of the total length. Besides the middle liia^ 
there are also lines at one-third and one-fourth the length 
of the bar, so that estimates of these fractions can also be 
made. It would be easy of course to make such a bar 
from any rule that is divided on one side only, or even 
from a straiglit wooden slat on which a strip of millimeter 
paper has been pasted.' For a somewhat different form of 
the Galton bar, see the apparatus for Chap. VIII., below. 


» It should be noted, however, that the ordinary metric cross-sectiom paper 
does not measure true both ways. 
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The instrument, which tqr brevity I have ventured to 
call a Krypteon, is very simple in principle, — nothing 
more, indeed, than a slanting board with a flap hinged at 
the bottom of it. It is roughly pictured in the accompany- 
ing cut. 

On a base-board ah, 8 X 20 inches in size, is set the board 
cd, 6 X 18 indies, inclined backward about 30° from the 
vertical. At the ends of this board near the base are 
fastened short brass arms, which extend forward and sup- 



port the rod ef. They are of such length as to bring the 
centre line of the rod § of an inch from the board cd, and 
I from ah. The rod q/*is provided with milled heads at 
the ends, so that it may be rotated easily with either hand. 
The rod itself is composite, being made of j^ieces of half- 
inch half-round brass, put together flat side to flat side, to 
make a single round rod. The forward half of the rod is 
in three pieces. The middle piece t/c is held in place by 
screws, and can be removed ; the end pieces a<re soldered 
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fast to the back half of the This arrangement makes 
it possible to clamp securely into the rod the cardboard flap 
ghj or to interchange flaps if for any reason this is desired. 
When the flap is in position, the turning of the rod ef will 
rapidly cover or uncover anything placed on the inclined 
surface cd. In using the krypteon in Ex. 174, a narrow 
strip of wood should be tacked along the inclined surface 
to support the Galton bar. The instrument is not limited 
in its usefulness to this single experiment, but can be used 
for experiments with after-images and successive contrast, 
and f«r any others in which a sudden revealing or hiding 
of an object is desired. The instrument can hardly be re- 
garded as a necessity, liowever, and a simple substitute can 
readily be found for it. 

The Concave Mirror used in Ex. 183 h is to be had of any 
optician or physical instrument dealer at small (;ost. 

The Mask in Ex. 184 can be purchased at a toy-store, 
and colored as required. It is convenient to h^jive two 
masks so that the external and internal aspects may bo 
presented simultaneously — in this case, of course, only 
one need be colored. It is well also if both can be mounted 
in some way for more ready handling. Medallions in 
plaster, about four inches in diameter, may be had in many 
art stores at a very low price, and casts of these in op- 
posite relief may be taken in the laboratory by oiling the 
surface carefully, surrounding the edge with a strip of 
paper, and pouring on plaster of Paris mixed to about the 
consistency of cream. 

An Ordinary Stereoscope is convenient for beginners in 
binocular experiments, but is hardly necessary, especially 
if a haploscope or Wheatstone stereoscope is included i]i 
the collection. 

Tlie Haploscope is nothing but a simplified stereoscope, 
and has the sole purpose of presenting to each eye h field 
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invisible to the other.^ It is hardly necessary if a Wheat- 
stone stereoscope is kt hainf In the cuts below is shown 
a somewhat elaborate form of it. 

In tlie figure at the left the instrument is arranged for 
parallel vision, in that at the right for crossed vision. In 
the left tigure, leaning against the base, are also shown the 
special movable diagram-holders for Le Conte Stevens’s 
Experiment (Ex. 221 e). It would probably be equally con- 
venient and much less expensive to purchase two ordinary 



stereoscopes, remove tlie lenses, and reconstruct one into 
a haploscope for imrallcl vision and the otlier into one for 
crossed vision, than to make one after this model. For 
this reason specifications are omitted, but a few measure- 
ments will give a more definite idea of its size : base-board, 
12.^ X 5 X 1ft inches; height of central standard to centre 
of axis of tlie inclined bar, lO;* inches; inclined bar, 

^ Tim term haploscope is used by Heriii^ for it piece of upparatus iniieJi iiu>re 
like the Wheatstone stereoscope. 
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18 X 2 X 12 inches ; eye tubes, OJ inches long, inch 
(inside) diameter, centres of tubes 2\ inches apart. 

Tlie best Stereosco 2 nc Diagrams with which the writer is 
familiar are those referred to in the text as Martius-Matz- 
dorff’s diagrams. The set consists of 36 diagrams and an 
explanatory pamphlet, and is published by Winckelmaiin 
und Sohne, Berlin, under the title, Die intcressantesten 
Erschelmingen der Stereoscojne. 

The Wheatstone stereoscope is very simple in plan, as may 
be seen from the cut Vjelow. 


« 0 

I be I 



The eyes look into mirrors s^t at right angles to each 
other, ah and ac, and sec the reflected images of diagrams 
placed at de and fg. In actual construction, however, the 
instrument is varied somewhat from this very simple plan. 
Thus for experiments with diagrams at different distances, 
it is desirable to have de and fg movable to and from the 
mirrors ; for experiments with different degrees of conver- 
gence, to have the mirrors and diagrams movable together 
about centres lying below the mirrors (or better still about 
centres lying in the same vertical lines as the centres of 
rotation of the eyes) j for use as a telestereoscope the dia- 
gram-holders de and fg must be replaced by large mirrors 
parallel to the small ones (see plan on p. 279) ; and if 
Stevens’s experiment is included, the diagram-holders must 
be turnable about a vertical axis. 

The following cut represents a large wooden appjtratus 
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built up, a little at a time,^n the Clark laboratory. Tlie 
base of the instrument is a bench 8 inches high, 12 inches 
wide, and 4 feet long. On this rest arms wliicli carry at 
y their inner ends little columns, at the upper ends of which 
are attached the mirrors corresponding to ah and fie of the 
plan, and at their outer cuds the diagram-lioldcrs, the left 
one of wliich is turned part way so as to sJiow the diagram 



in i)lacc. Back of the bench stand the large mirrors wliich 
take the place of the diagram-holders when the instrument 
is used as a telestereoscopo. IJiiderueath the bench is 
hung a drawer in which the diagrams are kept when not 
in use. 

I For the experiments of this course, liowevcr, a somewhat 
smaller and simjiler apjiaratus would bo not only more 
convenient, but in many ways better; and the writer there- 
fore offers the following plans instead of a detailed de- 
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scription of this instrument, though circumstances have 
forbidden their execution at the time of writing.^ 

The plan shows the instrument on a scale of about one- 
tenth. The first figure shows tiie front view; tlie second, 
the horizontal plan ; and the third, one of the diagram-hold- 
ers seen from the station of the mirrors. 

The base of the instrument is to be a wooden bench 30 
inches long, 8 inebes wide, and the same in height. On 
the top of this bench arc fastened two arms made of nar- 
row strips of hard Avood 14i inches long, inch Avido, 
and half an inch thick, as shoAvn in the first and second 
figures of the plan. The adjacent ends of these arms arc 
rouiided, and they are fastened to the top of the beindi 
with a single screw each. These screws serve as pivots 
about Avhicli tlie arms can bo turned. The separation of 
tliese screAvs should be 2\ inches from centre to centre, 
and tliey sliould b(i sot two inches ba(;k from the front edge 
of the base-board. Each aim carries also near its inner 
end an angular bi’acket Avhich si^)ports the mirror. Thes(‘< 
brackets may be made an inch thick, and 8:^ inches in height 
frojii the upper surface of the arm. Their extent on the 
arm is not important, provided it is not too great, say 3 
inches ; and they should 1)0 cut back, as shown in the plan, 
enough to allow the insertion of the pivot screws. They 
must be so set that the centre line of the mirror surface 
stands exactly over the centre of the pivot scrcAv. The u]i- 
permost inch and a half of these brackets is first Avorked 
out one inch square, and then cut away oii the diagonal so as 
to receive the mirrors, somoAvhat as shown by the small fig- 
ures just above the brackets in the first figure of the plan. 


1 For pl.'in Jiiul dosf.ription of a rofIiio«l and soinowliat specialized instrument 
of this kind, see Hillehrand, J)it5 Stabilitiit der Raumwertiie auf der Netzhaut . 
Zeitsrhrifl filr Paycholofiie^ V., ISOJl, p.38; see also Ifering, llcrmamVs llandhuch 
der Physiologies 111., i., 393 f. . 
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The surface left for the mirrors is thus nearly an inch and 
a half square. ; 

The mirror itself, one inch square, may be framed in 
cardboard, and attached by very small screws to this sur- 
face. A cardboard frame can be built up as follows : from 
jxisteboard as thick as the mirror glass cut a piece 
inch square, and cut in its centre an inch square hole to 
receive the mirror. Paste on the back of this a inch 
square of thin cardboard, put the mirror into its place, and 
paste on in front of it a piece of black cardboard having 
a 5 inch square cut in its centre. 

The diagram-holders are of simple construction. Each 
consists of a sliding block four inches square and half an 
inch thick, on the bottom of which are fastened two cleats 
(each 4 X li inches), leaving a space between them just 
equal to the width of the arm. On this sliding base rests 
another block of the same dimensions. The two arc hel^ 
together by a single screw put up from below through the 
middle, as indicated in the third figure of the plan, where 
the blocks are a little separated. The screw must fit tight 
enough in the lower block to allow the upper to be turned 
stifiiy. On the middle of the upper Idock rises the upright 
of tlie diagram-holder (llj inches high, 4 inches wide, and 
half an inch thick). Crosswise of this ai’e fastened two 
little guides of wood for receiving the diagrams (which arc 
themselves X T inches in size). These should be placed 
as high as the upright will allow. The upright is braced 
by a little bracket in front, as shown in the plans. The 
mirrors required, when the instrument is to be used as 
a telestereoscope, should be of good quality and 8 X 
inches in the clear. They should be framed in plain 
wooden strips, and the frames fastened to the backs of 
the upright pieces of the diagram-holders. In using the 
telestereoscope on the actual landscape, it i» well to open 
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the windows so as to avoid the distorting effects of the 
ordinary window glass. 

The Pseudoscope in the Clark laboratory is of the sort 
manufactured by Pellin of Paris. The instrument is con-* 
venient, but a less expensive one would answer every pur- 
pose. Two total reflection prisms placed at the 2 )roper 
distance apart on a block, and kept in place witli wax, 
could probably be used. If a construction of moi-e per- 
manent character is undertaken, it should allow for some 
rotation of the prisms about their vertical axes, and for an 
alteration of their separation. 

Diagrams for the Kxperiment of the Fluttering Heart 
(Kx. 230) are perhaps sufficiently described in the text; 
l)ut the following details with regard to the set in the Clark 
laboratory may not come amiss, though tln^y are not fur- 
nished as beyond improvement. Tlie colored ])apers used 
were mostly those supplied by the Milton Bradley (Jompany, 
and reference will accordingly be made to their standards 
throughout. For Ex. 230ft blue rings on a red ground : 
blue, kiiidergarteiu rings of standard blu(' ; red, about 
equal to orange-red. For red rings on a blue ground : 
red, Bradley’s red kindergarten rings; 1)1 iie, soiiietbing 
between blue and violet-blue, but dai’ker tluiu eitluu* ; cross 
lines, very narrow strips of white paper. For Ex. 230/> 
gray figures on colored ground and colored figures on gray 
ground : gray on red, gray about equal to that given by 
270° black cardboard combined with 90° white on the 
color-mixer ; red about equal to orange-red. CoIoihhI fig- 
ures on gray ground, rings of standard orange ; gray, that 
used for the cover of the American Journal of Psgchologg. 
In the second paper of Szili, mentioned in the text in con- 
nection with this experiment, will be found specilications 
for diagrams made from the Helmholtz papers (furnished 
by Jung of Heidelberg) and commercial gray papers of 
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German manufacture. The same autlior uses grays shaded 
to the proper depth with a lead-pencil. 


Apparatus for Chapter VIII., on Weber’s Law and the Psy- 
chophysic Methods, Experiments 234-239. 

The only pieces of apparatus requiring special mention 
ill this case are the disks and set of weights used for 
demonstrating Weber’s law, and the special form of (ial- 
ton bar used in the experiments on the psycliophysic 
inetliods. 

Tlie disks for Webar's law are desmabed in the text, but 
the following details of the specimens in the (dark laliora- 
tory (see Figs. C and ./>, p. .‘>d()) may be helpful, ddie 
disks arc 40 cm. in diameter (though li>-iqch disks would 
answer just as well), beginning at the centre, the black 
extends unbroken for a distance of 2.5 cm. At that point 
the white begins, and gradually increases till, at a point 
16 cm. further out (1.5 cm. front the edge of the disk), it 
occupies the whole 360°. The black is distributed on 
three radii, as the cuts show; and the curves were plotted 
according to calculations made for the angular Jimount ol‘ 
white at cadi centimetre from the point at which the white 
begins to the point at which it occupies the whole circum- 
ference. SiiKie the blac.k is not absolutely black, but re- 
flects a small amount of light, an allowance is made for 
this amount, on the assumption that the black is about 
one-fiftieth as bright as the white of the cardboard from 
which the disk is cut. The table on page 413 gives the 
angular extent of white at the indicated distances from 
the centre. 

These particular disks are finished by a narrow black 
line all the way around at the extreme edge of the, disk, 
but this is not at all essential. 
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Dr. Kirselimanii gives general foniiuke for sueli calcula- 
tions in the article cited in the bibliography of Chap. Ylll. 
For the brightness values of various black pigments in com- 
parison with white paper, see an earlier article by the same 
author {WimdPs F kilos, Studim^ V., 1889, 300). 


Angular Extent of White. 
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The W(‘l(jhf('d Kmudopes used in Ex. 23G were made by 
loading stout manila ^^pay envelo])es,’’ 4j x inches in 
size, with pieces of sheet lead, or, in tlie case of lighter 
weights, with pieces of cardboartl. A series was thus pro- 
duced ranging from 5 to 100 gra.ms. As originally planned, 
the series consisted of lOG weiglits, besides tlie light and 
heavy standards, Avliich were duplicates of the lightest and 
heaviest weights of the series. T3ie differences were not 
uniform throughout, but smaller with the smaller weights 
and larger with the larger: 5 to 10 grams, 20 weights, dif- 
ference 0.2 gram; lO.o to 2o grams, 30 weights, difference 
0.5 gram ; 2G to 50 grams, 25 Aveights, difference 1 gram j 
52 to 100 grams, 25 weights, difference 2 grams. Some 
sucli^ arrangement of the differences is necessary if the 
heavier classes are not to be very much larger numerically 
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than the lighter. As actually used, the series consisted 
of 118 weights besides the standards, 104 from the regular 
series, and 14 others of weights between 36 and 38 grams. 
In all of tlio envelopes, even the lightest, a piece of thin 
cardboard (twice the size of the envelopes, but folded once) 
was placed to stiffen them, and make the light and heavy 
ones feel a little more alike. The envelopes should be 
lifted vertically between the thumb and linger ; and the 
lead, when it does not lill the envelope, sliould lie at the 
lower end. For this particular experiment the weighing 
does not need to be extremely exact ; a fair approximation 
to the values given above is sufficient. 

The form of Galton bar used in Exs. 238 and 239 is 
shown at about half size in the following cut. 



It consists of a narrow steel rule, graduated on the back 
in hundredtlis of an inch, and divided on the face by a 
single line in ther middle, and of two large sliding-pieces, 
one at either end. The instrument was made of two of 
Messrs. Frown and Sliarp’s rule depth gauges. All the 
graduation Avas removed from one side of the rule, the 
single middle line put in its place, and the inner ends of 
the two heads, or sliding-pieces, bevelled down to the sur- 
face of the rule. Either head can be fixed firmly in place 
by means of the screw on its upper surface. The rule it- 
self is, in this case, only six inches long, which is incon- 
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veniently short ; but longer rules could probably be obtained 
from the makers. The chief advantage of an instrument 
of this general form (and more convenient variants are 
quite possible) is that it allows the setting of a constant 
standard extent with which the variable extent is com- 
pared, — a point of little consequence, perhaps, in investi- 
gation, but of some importance in the exposition of the 
psycliophysic methods. In Exs. 288 and 289 standards 
were chosen that left little or none of the ends of the rule 
exposed beyond the heads. 

G-eneral Apparatus. 

Besides the apparatus for specific purposes already con- 
sidered, a certain amount of general apparatus, used more 
or less in all experiments, is required. Tlie needs of those 
making use of tliis chapter will probably differ so widely 
that the writer contents himself witli enumerating wliat 
is likely to prove useful without advising as to style or 
quantity.' 

First is to be mentioned a substantial set of rods, stands, 
clamps, and couplers. They may be had of any d(»aier in 
physical or chemical apparatus, but vary much in quality. 
Those should be selected which are well enough made to 
bo firm and solid when combined for use. A combination 
that will wobble when set up is of no satisfaction whatever. 
A few universal .couplers or ball-joint clamps are very con- 
venient. A variety of ball-joint and swivel chimps and 
<'oiq)lers manufactured by Otis 0. AV'hito of Worcester, 
though not originally intended for laboratory use, have 
given eminent satisfaction, and may now be had from some 
of the physical instrument dealers. One of the ball-joint 

' For other general suggestions on laboratory furnishing, see the writer’s 
paper, fjome Practical Suggestions on the Equipment of a Psychological 
Laboratory,” American Journal of Paycholoffy ^ vol. v., 1892-93, 429-438. 



416 . LABORATOIIY COURSE IN PSYCHOLOGY, 

table clamps with rod to fit lias been presupi^osed in the 
description of the head-rest of the cam pi meter (p. 388). 
Besides these, a number of ordinary iron clamps, such as 
are to be had at the hardware stores, are useful for attach- 
ing pieces of apparatus to the table. 

Electric batteries have several times been mention^ or 
implied in previous paragraphs. *^1^. 121 has been made 
in the Clark laboratory with a battery of four Le(danche 
cells of the goiida pattern, but these are less convenient 
for other purposes. For running small electric motors, 
induction coils, and the like, the Edison-LaLandc battery 
(type S for example) has been recommended, and would 
serve equally well for any of the experiments of this 
course, though it has not been used for them by the 
writer. These, however, are not convenient for taking 
from place to plac^e. For the latter purpose, the familiar 
Grenet battery would bo preferable. 

A set of drawing-instruments is essential if disks and 
diagrams are to be preqjared in the laboratory, and to tliat 
may be added india ink, brushes, etc. A finv of the com- 
mon carpenters’ and machinists’ tools are also almost in- 
dispensable. 

• Delicate balances for use in making the minimal weights 
of Ex. 22, and coarser ones for the cartridge weights for 
Exs. 24 and 34, have been assumed in the experiments 
above. If the weights are not bought ready made, and 
the scales cannot be borrowed, they must be added to the 
required apparatus. The same is true of measuring-vessels 
for making the solutions for the taste and smell experi- 
ments. 

Additional Apparatus for Alternate Forms of Experiment. 

In a few cases alternate forms of experiment have been 
mentioned which call for apparatus not included in the 
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lists considered. A few words about these i)ieces may be 
in place. 

The AntirvheosGoim mentioned jii Ex. 128 d is the same 
described and pictured by Bowditch and Hall {fTournal of 
Physiology^ III., 1880-82, 297-307) and by James in his 
^O^rinciples of Psychology,’’ IT., 245. 

The Apixiratus of^jyoWik (Ex. 221 b) is described in Iiis 
original paper (see Bibliography of Chap. Vll.), and re- 
ferred to more fully than in the text in the American Jour- 
nal of Psychology, VF., 1893-95, 575 ff. 

Some form of TtotatAng Drum has once or twice been men- 
tioned, and the instrument has a wide usefulness in experi- 
ments not included in Part I. of this course. Tlie best 
instruments of this kind (known from one of their x>hys- 
iological ap])lications as Kymographs) are all very expen- 
sive. Cheax)er substitutes arc offered by various makers 
in this (Country and abroad, some for movement by hand, 
and others by clockwork or small motors. In selecting 
one, care sliould be takeft to get a drum tluit runs true on 
its axis, and, if self-driven, as uniformly as ])ossiblo. 

The Pressure Balanee, though mentioned in the exj)eri- 
ments as an alternate only, is convenient, and may be brietly 
described. The one in the Clark laboratory, made after 
the suggestion of Professor Jastrow,' consists of a medium- 
sized Fairbanks’ letter-scale x)rovided with a wooden base 
and hand support, and a lever and cam for removing the 
])ressure from the finger. The general construction will be 
clear from the accompanying cut. In the larger diagram, 
A is the pan of the scale, B its arm, O the lever, and D 
the cam. 

The tijis of the fingers are thrust into a horizontal open- 
ing in the left ux)right board of the frame, which is shown 


* American Journal of Psychology. III., 1890-91, 64 f. 
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in front view in the small tliagram at tlie right. In the 
same diagram is also shown the liard rubber knob on the 
end of the scale arm, which presses upward against the fin- 
ger when the pressure stimulus is being applied. IMiis is 
counterbalanced by a bit of wire attacJied to the frame- 
work under the scale pan, or by a piece of felt laid on toji 
of the pan. The finger-rest and the end of tlie scale arm 
are also shown in section in the small diagram at tlie left. 
The stimulus weights are placed in the scale jiaii A, and 



exert an upward ])ressure on the finger, but of reduced 
amoi^nt because acting upon the short aian of tlio balaiu'c 
— one-quarter their actual weight in the Clark instrument. 
Depressing the lever arm of the cam raises the latter, iind 
allows the knob to reach and press upon tlie finger ; raising 
tlie lever arm removes the pressure. The chief advantages 
of the instrument are the ease and precision with which 
the stimuli are applied and removed, and the unconstrained 
position of tlie hand of the subject. 
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A Minimal List of Apparatus. 

It is hardly possible that any who use this course will 
wisli to try all the experiments or rccpiire all the appa- 
ratus. Each one ought to examine the experinu'nts for 
himself, choose what he is most interested in, and mahe 
up an apparatus list accordingly. It is therefore with 
some doubt as to wliethcr a minimal list will be a really 
helpful thing that the author offers the following as seeming 
to him the most important pieces : Aveights for })rcssure 
and lifting, including those of equal weight but unequal 
size; a sonometer; ten or a dozen ordinary tuning-forks 
of a' and j)itches for special tuning (by careful filing, a 
heavy fork of a' pitch may be reduced to r', and give the 
octave Avith c") ; a resonance bottle ; a pair of bottle whis- 
tles ; a yard of small rubber tubing ; ji color-Avheel, colored 
l)apers, black and white cardboard for disks and diiigrams ; 
some small piec(‘s of’ colored gelatine ; a ()()'’ prism; a dark 
box ; a Wheatstone stereoscope convertible to a tclestereo- 
scope; a small set of draAving-instriiiiKmts ; and a couple 
of yards of metric cross-section paper. 

Such a list includes several pieces that may be made at 
home, and ought not to cost more than twenty-five or thirty 
dollars. Makeshifts Avould often have to be used, and or- 
dinary things about the room pressed into service, but*with 
it a considerable number of experiments could be made. 
A large number of visual experiments are i)ossible with 
the material included in Bradley’s Tseudoptics ; and if even 
the small list above is too expensive, that may be substi- 
tuted for the (jolor-Avheel, the Wheatstone stereoscope, and 
most of the materials for disks and diagrams. 
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The Field of Regard and Listing’s Law. 

Expeuiment 172 requires a somewhat fuller understanding of 
Listing’s law than can be gathered from Ex. 181 where the sub- 
ject was previously treated. It has, therefore, seemed best to attempt 
a fuller exposition of it here. 

Listing’s law, as stated by Helmholtz, is as follows : “ When the 
line of regard pufises from, the primary position to any other j)ositionj 
the angle of torsion of the eye in its second position is the same as if 
the eye had come to this second position by turning about a fixed axis 
perpendicular both to the first and the second position of the line of 
regard^ ^ On this principle rest two important corollaries : 1st, in 
movements from the primary position there will be no rotation about 
the line of regard ; 2d, in movements from one secondary position 
to another there will be such rotation. 

THE IIEMISPHEIUCAE FIETJ) OF UEOARD. 

The usual way of putting the law to experimental test is to get a 
strong after-image of a rectangular cross on the centre of the retina, 
and then to observ(^ the (changes that its projected image undergoes 
as the ey(^ is turned to one point and another t)f the field of regard. 
In the model from which the accompanying illustration is tak<*Tf, an 
atteini)t has been niad(5 to show the changes that such an after-image 
would undergo when projected ui>on dilferent parts of a hollow hemi- 
spherical field. The primary meri<lian of this field is A * Jif and 
other meridians are shown at intervals of 20°. The equator of the 
field (that is, the line of intersection of the plane of regard with 
the hemispherical field of regard when the ey(*s are in the primary 
position) is C' * />, and above and below it are shown parallels at 

1 lleliiiliollz, Pliys. Optik, 2to A nfl., i>. Ite Aiifl., p. 4GC ; Le Conte, Sight, 147. 

* In naming the curves of the iieniispherical field, the asterisk (♦) is used for 
the central cross Instead of a letter. 
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intervals as before of 20®. The eye itself is supposed to be at tho 
centre -of the sphere, i.e., in the plane of the letters JT, (?, 
etc., and at the centre of the circle that they mark. 

Let us first illustrate the case of movements from the primary 
position. When the eye is in its primary position, it is directed for- 
ward and fixed upon the central eight-rayed cross. Imagine that 
the eye takes a lasting after-image from the cross, but first from tln^ 
horizontal and vertical arms only. If the point of regard is elevated 


^ iW -v-'W 

f B L 




or depressed in the primary meridian, and there is no rotation about 
the line of regard, the vertical bar of the after-image cross will still 
be found to lie in the meridian ; and if the point of regard be carried 
to the right or left in the equator of the field, the horizontal bar will 
still lie in the equator. This is shown by the slender crosses 40*^ 
from the centre on tI * and C * D. Th^ axes about which the 
eye turns are evidently in the plane of the letters v1, if, G, TV', etc., 
and coincide in the first case with the (imaginary) diameter C J), 
and in the second with the (imaginary) diameter A B. Sjuppose 
npw that the after-image has been taken from the oblique arms of 
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the central cross, and that the movement of the eye has been oblique 
to the right and upward, and to the left and downward along H * G, 
and to the left and upward, and to the right and downward along 
E*Fi but without rotation about the line of regard. As before, 
those arms of the cross which originally coincided with these lines 
will be found to coincide with them after the movement, as shown 
by the corresimnding arms of the slender crosses in these positions. 
The axis for movements in G * //lies in the. (imaginary) diameter 
E F^ and tliat for movements in E * F in the (imaginary) diameter 
G II. For any intermediate directions of movement, the axes would 
have a corresponding intermediate position; but in all cases the axes 
would lie in the plane of the letters A^ /r, f/, JV, etc., perpendicular 
to the line of regard both before and after its movement. 

Since these after-images are always projected on a hemisphere, 
there is no distortion of any of the crosses due to projection on an 
oblique surface, and all of their parts maintain among themselves 
exactly the same relations that exist among those of the central 
cross .1 It will be observed, however, that in the obli<iue posit ions 
the arms corresponding to the vertical of the central cross do not 
quite coincide with the meridians i)assing through the (amtres of the 
crosses, but make small angles with them, and that in the same 
way the arms corresponding to the horizontal in the. central cross 
have no longer the same dire?;tion as the parallels above and below 
them. In other words, the vertical and horizontal arms appear to 
have rotated, though the fact that the obli<iiie arms have maintained 
their coincidence w ith the circles E * and G ^ II shows that the 
rotation is not real, but as Le Conte says, “only an apparent rota- 
tion consequent upon reference to a new vertical meridian of space.” 
This apparent rotation is known as torsion. The. rule for this torsion 
is as follows : Iklovement of the eyes upward and to the right gives 
torsion to the right; upward and to the. left,, torsion to the left; 
downward and to the right, torsion to the left ; downward and to 
the left, torsion to the right — all of which can easily be observed 
in the cut. Movements from any secondary position to the. primary 
are evidently executed about the same axes as before, but in the 
contrary direction. 

It remains to consitlcr movements from one secondary position to 

* Tills is trn<? of the iikmIoI after wliieli the eiit WJis iiuule, hut is not true of 
the crtjBses in the cut itself, which are ohviou.sly tlistortcil hecsiusc of just such a 
projection. This, however, does not aU'ect the explanations that follOM*. 
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another. Let us start with an after-image from the slender cross 
on C * 1)^ 40^^ to the right of the centre, and move upward along 
the meridian. The vertical arm of this cross coincides with the 
meridian at the start. When we reach the position of the eight- 
rayed cross, however, it no longcn* does so, but has turned slightly 
to the right — this time owing to a true rotation of the eye about the 
line of regard, and not to refereiuio to a new meridian. The amount 
of rotation is small, in this case about 12^. Movement downward 
along the meridian would have exactly the same result, except that 
the rotation would be in the opposite dinuttion, and similar rotations 
would be found if the cross 40'’ to the left of the centre on C* had 
heen us<m 1 for vertical movements, or the crosses 40” above and below 
the centre on A * /> had Ixicii used for right or left inovements. 

If moveunents from secondary ])ositions along great circles pro- 
duce this deviation of the arm of the cross from the line in which 
it moves, are therci any lim*s to he fonml along which the eye may 
sweep the aftt»r-imag(*. williout finding such a deviation There are 
such lines, and four of them are shown in the ligure. They ar<‘, the 
arcs I K L, M iV, and O P. It will he seen that these are drawn 
through the sloping ^msifions of (he arms of the side crosses on E* V 
and G * 7/, and are periiendieular to ^1 * B and C * 1) like the bars 
of their crosses. Theses are the (/ircles of Direction, or Right Circles, 
of Helmholtz (Cerr/c.s dc DirerAiony ^Bic/itkreiac^). The vertical 
circles of direction havig it will be observed, somewhat greater 
curvature than the meridians tlirough the same points, and the 
horizontal circles of direction somewhat l(\ss than the parallels 
near which they lie. Along these circles a short after-image can be 
moved without leaving the line, a pecjiliarity in which they resemble 
a straight line, and wlnm seen with the. eye, at r(;sL un(h;r proi^er 
conditions they actually do ai)p(‘ar straight. These cindes have the 
further peculiarity that they all pa.ss through the ocrqtital ponit^ a 
point as far Ixdiind tln^ eye as the primary point of regard is in front 
of it. l?oth of these proi)ei*(ies are shared also by all the great cir- 
cles passing through the primary point of regard, so that they also 
are circles of direction. A circle of this kind, great or small as the 
case may be, can be passed through any tvyo ])oints in the field ; 
they are not limited to tho.se .shown in the figure. 

The matlnmiatical study of Li.stiiig’s law .shows that the move- 
ment from one secondary position to another may, like those from 


1 Op. clL, pp. 651 If., 6tM) IT. (493 ff., 648 f.). 
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the primary position, be conceived as rotations about fixed axes al( 
of which lie in a plane (though in this case the plane is not per- 
pendicular to the line of regard), and that in every case there is also 
a lin6 about which there is no rotation, the atropic linc^ though this 
does not coincide with the line of regard. 

THE PLANE FIELD OF KEGARD. 

The experimental testing of Listing’s law is generally carried 
out with the plane, instead of the hemispherical, field of regard, 
because of the difficulty of providing a large enough hollow hemi- 
sphere. Jhit this has tlui disadvantage of adding to the changes in 
the after-image due to the movements of the eyes, a wholly new set 
of distortions due to the projection of the image upon an oblique 
surface. These are easily seen in the figure for the plane field. 

This figure is a gnomon ic i)rojcction of the hemispherical field 
upon a plane tangent to it at the middle point of the central cross. 
On this plane all the lines of the hcmi8i)herical field are represented 
exactly as their shadows would be cast by a point of light in the 
place of the eye, i.e., in the centre of the sphere. The meridians 
are represented by vertical straight lines, wider and wdder apart as 
they are removed from the primary meridian A B. Tlui paralhds 
become hyperbolas, increasing in curvature as they are more distant 
from the equator of the field. The great circles through the primary 
point of regard are straight lines through the same point. The 
other circles of direction are hyperbolas. They maintain their re- 
semblance to straight lines, however, in so far as concerns a short 
linear after-image moved along them, ami are called by Ilelmholtsc 
the right lincff of the field of regard. The lettering of all the lines 
in the two figures is the same, so that comparison will be easy. 

The distortion of the crosses on A B and C I) is easy to under- 
stand, and also the oblique bars of those on K F and G II represented 
in outline in the figure. The arms corresponding to the vertical and 
horizontal arms of the central cross — represented in solid black in 
the figure — require a little exx)laiiation. If the matter were one of 
simple projection, wigiout torsion, the arm corresponding to the 
vertical ought to coincide w ith the projection of the meridian, and 
that corn*sxK)nding to the horizontal ought to coincide w ith the pro- 
jection of a line, cutting the meridian at right angles in the hemi- 
sxdieriijal field, i.e., with the proji^ction of the j^arallel th^ l>asses 
through the centre of the cross, — the dotted lines in the figure.' 
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When these are regarded it is found that both arms of the cross 
show torsion as in the hemispherical field, though the distortion 
due to i)rojection seems at first to have turned the two arms in 
opposite directions.^ 

This exposition has necessarily been physiological and gepmetri- 
cal. The psychological interest in the matter depends on the fact 



that the perception of space with the eye at rest is profoundly af- 
fected by its experiences in or after motion, a large group of which 
are received while the eye is functioning in more or less accord with 
Listing’s law. For a fuller account of these psychological matters, 
see Ex. 17iJ. 

1 error in drawing, these solid black arms are placed befiide the 

lines on which they should lie. 
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Some Simple Cases of the Mathematical Horopter. 

The mathemtitical treatment of the horopter lies outside the scope 
of this work, hut a geometrical description of some sx^ecial cases may 
help to make the matter clear. Any such description must be based 
upon certain assumptions with regard to tlie distribution of corre- 
sponding points and the movements of the eyes. It is assumed in 
what follows, for exami)le, that corresponding points in both eyes 
are so distributed that equal distances from the foveas in the same 
direction always give corresponding points, that there is no devia- 
ti^ of the retinal verticals (cf. Ex. 209 ?>), and that in movements 
with parallel linus of regard the eyes follow Listing's law, while in 
convergence, they r»taii{3 abmit the line of regard as observed in Ex. 
IHS, The special cases taken for description are thostj arising with 
parallel lines of regard, and with convergence in different positions 
of the plane of regard. 


THE HOUOPTEB WITH PAKAHHEIi TJNKS OF IlEOAKH, 

Imagine lines of direction drawn from all the corresponding points 
in both eyes through the respective crossing points of lines of tlirec- 
tion and continued to infinity. The x>oiiits seen single must lie at 
the intersection of corresimnding lines of direction. AVhen the lines 
of regard are parallel and the eyes are un rotated, all these corre- 
sponding lines are imrallel, i.e., meet at infinity, and the horopter 
will, therefore, be a hemisphere of infinite radius, or wdiat amounts 
to the same thing, a plane at an Infinite distance perpendicular to 
the lines of regard. 

This is true whether the lines of regard are in the primary or in 
a secondary position, for so long as the eyes take their positions 
acconling to Listing’s law, no rotation of the eyes about Uhe lines 

427 
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of regard is required, and tlie corresponding lines of direction remain 
continuously parallel. ^ 

THE HOllOPTER WHEN THE LINKS OF REGARD ARE CONVERGED 
IN THE PRIMARY POSITION FOR CONVERGENCE.^ 

The horopter in this case is the major part of a circle passing 
through the crossing points of the lines of direction in the two eyes 
and a perpendicular to the circle at the fixation point. 

It is not difficult to show that this is so, if use is made of a few 
retinal land marks. Imagine the eyes directed straight forward 
with parallel lines of regard. A plane passed through both lines of 
regard will cut the retinas in their horizontal meridians or retinal 
horizons. Planes passed through the lines of regard perpendicular 
to the plane of regard will cut the retinas in their vertical meri- 
dians or retinal verticals. These lines are the landmarks needed. 
In the present case the planes of the retinal horizon will coincide 
with the plane of regard, and the planes of the retinal verticals will 
be ijerpendicular to that plane and intersect in a line peri)endicular 
to it at the fixation point. 

In Fig. A the letters L and Ji mark the crossing- points oi ffio 
lines of direction in the two eyes; F is the lixatior. po^t; LF and 
iiFinark the intersection of the planes^of the riitinal verticals with 
the plane of regard (and are thus also the lines of regard); the 
plane of the paper is the plane of regard. The horopter is com- 
posed of the circle FULP (except the i)art BL between the eyes), 
and the perijendicular is a perpendicular to the plane of the paper 
at F. The circle is known as the “Circle of Muller,” and the per- 
pendicular (less fretpiently) as the horopteric line.® 


1 This may seem to contradict the statement on p, 424, that such rotations 
are present in movements from one secondary position to another ; but tlie con- 
tnidiction is only apparent, for the rotation in such cases is a rotation with 
re/eremce to the comlition of the eye in its secondary start iny-point, and not with 
reference to its primary position. Even if there were rotation, the statement 
in the text would hold, for since the linos of regard are parallel, the degree of 
rotation wouhl be the same in both eyes. 

2 The primary position for convergence is that depressed position of the 
plane of regard in which convergence is possible without rotation of the eyes 
about the line of regard. (Cf. Ex. 133, p. 126.) 

8 Footnote 1 on p. 271 states that' the Circle of MUller lies in the plane of 
regard when the eyes are in the primary position.” Tliis is the case only 
when ** primary position” is understood in the sense of ” primary positl^ku for 
♦jonvergence.” 
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It is easy to show that the points of the circle will be ijrojected on 
jiorrespon<ling points of the rt'tinas. Jlotli retinal images of the 
point i*, for example, lie on the retinal horizons, and both lie at 
equal distances to the right of the foveas, heeanse the angle PLF 
equal to the angle PRF^ both being measured by half the arc PF. 
Any point inside of Miiller’s circle, including the part of the circle 
itself between L and R. will give heteronymous double images, and 
the points outside, homonymous images. The same will be true of 
any points, lying abov(! or below the ])lane of n^gard, which lie also 
inside or outside of a cylindrical surface (‘rt‘Cted on this circle per- 
pendicular to that plane. The perxicndicular at F is clearly in the 

F jr 




horopter because its images will lie on the vertical meridians of both 
eyes, .and ev<*ry poiii! of it will give an image* equally distant from 
the fovea on that meridmn in each eye. Other p<‘rpendiculars to 
Midler’s circle, e.g., one at P^ contain but a single point each that 
belongs to the horopter (the point in which they touch the circle), 
because, being unequally distant from the two eyes, all other points 
have images that lie at different distam^cis above or below the retinal 
horizons. 

This will be clear from the figure lu'low. The im.age of every 
point on the line MN must fall on disparate j)oints in L and R 
except that of the point /’, for in every case the angle in the left 
eye \jill be greater than in the right. ''Phe same will be true of per- 
pendiculars to the portion of the circle at the right of the fixatio^^ 
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point, except that the angle would then be greater in the right than 
in the left.^ 

When the convergence is asymmetrical the horopter remains 
exactly the same, the perpendicular lying not at the fixation point, 
hut in the median plane of the head, as it did for symmetrical con- 
vergence. In Fig. li above, F' is the asymmetrical fixation point. 
The horopter is Midler’s circle RF'FL, with the exception of the 
part BL, and the perpcmdicular is at F. The reasons for this can 
easily be gathered from what has already been said. 



TflK irOROPTKR WIIEX TUE T.TXES ARK CO.WERGKD 

IN OTHER TJIAN THE IMilMARV POSITION FOR CONVERGENCE. 

When the eyes are converged symmetrically, and the plane of re- 
gard is higher than in the case just considered (that is, in the vast 
majority of (!ases), convergence is attended by outward rotation of 
the eyes about the line of regard, the right eye rotating to the right 
and the left eye to the hdt. The horoiiter is consequently altered in 
form. The horopteric line is no longer perpendicular to the plane 
of regard, but inclines backward from the face of the observer. The 
reason for this inclination will be clear if the reader returns to the 
I)lanes passed through the vertical meridians 'of the eyes, and ima- 
gines their rotation outward. The horopteric line is the line of 
intersection of these planes; and as the eyes rotate outward, the line 
of intersection rotates backward about the fixation point. 

The rotation of the eyt^s also breaks up the coincidence of the 
planes of the retinal horizons with each other and with the plane of 

' Ex. 210 c may st'oiii to show something different, but the conditionG^tliere 
Pi'e siieh as to prevent the observation of images doubled vertically. 


TBE MATHEMATICAL HOROPTER. 


431 


regard; a horopteric circle in that plane is therefore impossible. 

JJut as the eyes rotate, other pairs of correspoiuling planes (passing 
through the same horizontal axis of the eye but inclined downward) 
fall together. The planes that coincide are always perpendicular to 
the inclined horopteric line, and in them the horopteric circle lies. 
It does not, of course, cut the horopteric line in the flxation point. 
Til is form of the horopter is represented in the following cut. 

The plane of the jiaper is the median plane of the head. FA 
represents the intersection of the plane of regard with the median 
plane. I)K is the inclined horopteric line. AB is the intersection 
of the i)lane of the horopteric circle with the median plane. In 
ordinary vision the rotation of the eyes is very small, and the plane 
of AB is so little depressed below the plane of regard as to be 
practicably indistinguishable from it. 



When the convergence is asymmetrical and the plane of regard 
other than the primary one for convergence, the horopter becomes 
a curve of double curvature, lying in the surface of a circular cylinder, 
and too complicated for easy exposition in this way. '^I'he following, 
from Hering’s Beilrdye zur Physioloyie (p. 228 f. ) shows the rela- 
tion of this curve to the forms of the horopter just considered: “ The 
horopter, made up of the circle and straight line, may be regarded 
as a curve of a single branch, which comes as a straight line from 
infinity, suddenly makes a right-angular turn, passes then as a circle 
throi^h both crossing-points of lines of direction, and having re- 
tui'ued to the point of inflection, makes another right-angular tun\ 
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and then continues, onee bore as a straight line, to infinity in a 
direction opposite to that from which it catne. The horopter curv< 
at other times also takes a closely similar course. It comes from 
infinity with very slight curvature on the surface of the cylinder in 
question, suddenly makes a more or less blunt turn, goes on, approxi- 
mately in a circle, though always with double curvature, through 
both crossing-points, returns thus nearly to the first turn, makes, 
without touching it, another blunt turn, and runs once more with 
slight curvature to infinity in a direction opposite to that from which 
it came. The former right-angular turns with points in contact, in 
; this case, are, as it were, drawn apart.'' 

For a diagram showing the same in graphic form, see Helmholtz’s 
■ PhyHolagiache Optik^ 2te Aufi., p. 861 (p. 714 of the first edition).* 
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NOTES AND SUGGESTIONS 


Ex. 7. For systoiiiatic (loterininations, use an adaptation of the 
inelliod of iiiiniinal change explained in Exs, 24 and , 
2;i7. • 

17. The insertion of the second linger must bo delayed till the ’ 
S(;nsation in the first finger lias developed fully, but not; . 
until th(‘ physiological zero has shifted. 

18a. If this experiment is to be conclusive, sufficient time mui^t 
be iillovv(‘(l for change in the actual temperature of the 
finger brought from the hotter or colder water. 

Jn the form liere given this experiment is of little value, • 
au \may well be cancelled. In order to be comparable 
with ases apparently similar (Exs. 17 and 1436), it is 
necessary i-itO weight per unit area of surface should 
be the same. If iliis is so, the result would pro))ably be ^ 
reversed. Care must be taken to clioose a surface for ex- 
periment that will allow the larger weight to touch over 
its entire surface. 

35. This experiment as d(^scribed depends on the determina- 

tions readied in Ex. 3)4 6, but this is unnecessary. It 
is siiniih r and better to furnish the subject with equal 
weights, one in either hand, and to require him, after 
lifting them alternately, to announce which seems the 
ligiiter. This may then be taken as the “ standard,” and 
the otluT as “ the weight to be compared,” for which the 
2 kg. weight is later substituted, and the experiment con- 
tinued as explained in the text. 

36. It should be more distinctly stated in this case that the 

explanation in favor of innervation sensations Is in 
the nature of a (j notation, and does not represent the 
writer’s opinion. 
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NOTES AND SUGGESTIONS. 


446. For “millimeter scale” read “meter stick.” 
d. This experiment fails frequently with the operator seated 
better results would possibly be reached by making the 
experiment while lie is standing. 

lOld. This experiment should be made with unison forks. 

1116. The movement of the candle should be of small extent — 
an inch or two perhaps. 

c. The Ciard must be held as close as jiossihle to the eye. 

110. This experiment will be easier if tried with the single eye. 

117a. The way of finding the least distinguishable visual angle 
given in this experiment, and the inferences from it as 
to the size of the perceiving elements of the retina, are. 
discredited, and the i^xperiment should lx* cancelled. 

The data for calculating the visual angle given in line 
9 should read, “about 7 mm. hack of the cornea and 
15 mm. in front of the retina,” instead of as given. 

P. 119. Introduction to experiments on eye movenumts. The defi- 
. nition of the field of regard should be nnnle t() ,.t;gi\4j* 
“ r/tc Field of liegard is the extent r. sjiace within 
which the Point of Regard may be m .ved without head 
movements.” 


Ex. 1.^4. Unless the head is fixed in this experiment, involuntary 
movements of it may complicate the results. 

145c. The flickc;ring observed may be due. to other causes than 
that suggested, and the experiment should therefore be 
cancelled. 


147. In this experiment a greater blackening of the black sec- 
tors is to be observeil when attention is so dir(>cted, as 
well as a briglitening of the white. The brightness of 
such an obje(!t would appear to be judged, when atten- 
tion is indifferent, from the brightness of its brightest 
parts. 

150a. (Diagram, p. 151.) The arrangement shown does well 
enough if the background is white. If it is black, gray 
fields should take the place of the white. 


152a. Cancel the second paragraph, with reference to the supe- 
rior brightness of the yellow shadow. 
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d. Second paragraph, top of p. 159, The approach of the 
white eard cuts part of the inducing color, and this 
may account for the effect, in which case the experiment 
would he of no importance for the theory of contrast. 

154a. The statement made at the end of the paragraph, with 
refenmce to the absence of a dark halo surrounding the 
after-image of a bla<‘k square on a wliite ground, is ap- 
parently an error. If this is the case, the whole of a 
loses special interest for the theory of contrast. 

191d. The experiments of Pierce, published since this paragraph 
was written (Psychological Review^ 5, 1898, 233-263), 
liave demonstrated that the illusion in this figure is due 
to irradiation. It should therefore be omitted here and 
considered with the other irradiation figures in Ex. 236. 
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atun^ organs, 7, 10 ; ol factory, .50 ; 
retinal, 1 10. 
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Fix.'ition: in darkness, 200; lines, 
203; Vo]i Fleischl's experiment, 
302. 
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centric circles, 245; contrastivo 
illusions, 23>8; contour illusion.s, 
242; convergent line figures, 224 
ff. ; divideii triangle, 2.50; duml)- 
bell figures, 241; elTect of adj;i- 
cciit figures, 251, of lu-omimmt 
lilies, 214, 2.50; figures of Med- 
lingboff and laieb, 241 ; Keriiig’s 
figure, 220; illusions affecting 
tlio sides of angb^s, 247, in an- 
gles, 218, in distances, depend- 
ing on tlndr direction in the 
field of vision, 2.)5, of conllu- 
ence, 232 note, of iiiburupted 
extent, 2.3.3, of ]im*s lying nearly 
in the piano of regard, 2.52, of 

. “ solid and “ leaded ” typo, 

253 ; Liiska’s figure, 251 ; Lipi)*s 


figure, 249; Muller-Lyer’s fig- 
ure, 229; overestimatiou of ex- 
tents ill the upper part of the 
field, 237 ; perspective figures, 
215 ff. ; Pisco’s figure, 223; Pog- 
geudorff’s figure, 227 ; ring seg- 
ments, 244; trapezoids, 225; 
verticals, 2.35, 249; Wundt’s fig- 
ure, 227; Zollner’s figure, 219, 
variants of, 222 f. 

(t c o m e t r i c a 1 illusions with un- 
moved eyes, 253. 

riraduates, 410. 

(Jravity siuiso, .39. 

Gray papers, 380. 

llair.s as organs of toueb, 17. 

lla}>loscoi)e, 404 f. 

Harmonical, 385. 

Head rest, 387. 

Hearing, sensations of, 54 IT. Seo 
also Analysis, Ibiats, Binaural, 
Chords, Piteli, Sound, Tone. 

Hering’s binocular method for si- 
multaneous contrast, 1()4; e.x- 
l)erim(*nt of the falling ball, 
287 : figure, 220 ; form of Zdll- 
uer figure, 222: halo {TAchthof), 
101 . 

Holmgren’s test for color-blind- 
ness, 133. 

Horopter, 209, 427 ff. 

Hot and cold spots, 7. 

lileiitical points, 2r)0. 

Idio-retinal liglit, 109. 

Illusions, 0, 30, 32, 33, .37, 40, 42, 
192, 197 note, 205, 20(5, 207, 310; 
of confluence, 232 note, 242. See 
also Equivocal figures and Geo- 
metrical illusions. 

Illusory movement, .30, .32, 30() IT. 

Indirect vision. Seo Peripheral 
vision. 

Induction coil, 3fK). , 
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Innervation sense, 25, 28 ff. 

Intensity of sensation, in relation 
to extent of area stimulated, 
color, 142, pressure, l‘i, taste, 
48, temperature, 10; of hij^li 
tones, ()0 f . ; of simultaneous 
tones, mutually affected, 78. 

Intereranial location of sounds, 
88 IT., of tones, (12. 

Intermittenco of faint stimuli: 
sounds, 55 ; j?ray rinjijs, 140. 

Intermittent stimulatiim of the 
retina, 105, 118. 

rnterocular distance, 200. 

Interru]>t(!d extents. See Filled 
ami o])en space. 

Intervals, consonant and disso- 
nant, 78; n^eognitioii of musi- 
cal, 05. 

Inverted ])icture and vision Midi 
inverted head, 210. 

Ijjvoluntary movements of the 
eyes, 127. 

Irradiation, 88() IT. ; positive, 8.‘10 f. ; 
negative, 888 f. 

Joint sensations, 81 IT. ; joint- 
sense hoanl, 81,.‘5(iT; movement 
of last joint of finger, 80, 82. 

Keriifli'u’lie, 271 not(‘. 

Kerujmnkt , 271. 

Kiir.estlielie and static smises, 25 (T. 

Kritflainn, 20. 

Krypteon, 408. 

Ijainbert’s color-mixer, 1.50, 800. 

Laska’s figure, 251. 

Lo Cat’s ex[)eriim;nt, 185. 

lAcMhof, 101. 

Light and color, sensations of, 181 IT. 

Limon, 840; average limeii, 840; 
probable limen, 851. 

Lines of direetieii, 02, crossing 
point of, 02; lines that ai>pear 
Straight in indirect vision, 180 


IT.; lines of regard, divergence 
of, 289; perception of tlie posi- 
tion and movement of, 198 IT., 
in normal and forced move- 
ments, IfK), iirimary and second- 
ary positions of, 119. 

Lipji’s figure, 249. 

Listing’s law, 121 ff., 421 IT. 

Local signs, 1. 

Locations: in the indirect Held of 
regard, 202; of beats, 08; of 
eontinuous tones, 88; of ililTer- 
cnce tones, 71; of movements, 
32; of pressures, 10; of single 
and donhle images, 272; ()f 

sounds, 81 IT. ; of touches, 1 f. 

Luster, binocular, 172; monocular, 
178. 

3Ta<'iilii liitea» 105. 

Mariotte’s experiment, 102. 

IMasks, 404. 

Mean variation, 340. 

Mechani(*al stimulation of temper- 
ature sjiots, 8 ; of the retina, 108. 

ISIedallions, 404. 

Medhod of average error, 8.57 IT. ; 
of minimal change, 14 f., 844 IT. ; 
of right and wrong eases, 849 IT. ; 
classitrjd form, 8.50; sim))lified 
form, .858. 

Mtdronome, 8>9H. 

Meyer’s experiment, 157. 

Minimal list of apparatus, 419. 

Minimal ]iressure, L“>; odors, 49; 
sounds, 54 ; tastes, 48. 

Muiiuium. insihlle, 100. 

Moimcular iierceptioii of depth, 
208 ff. ; of ilinMUjoM, 180, 188; 
of sjiaec, 185 IT. ; vs. hiiioe.ular, 
282 IT. 

Motion, pe.re(‘,ptiou of, on the skin, 
8, .82; relativity of, 807; vi.sual 
perception of, .801 IT. See also 
Apparent movement. 
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Movoments : of the oyes (see Eyes) ; 
with partially eoiitraetcd mus- 
cles, 28 f., 202 f. 

Miiller-Lyer’s lij^ure, 220; variants 
of, 2;i0 f. 

Miiller's circle, 271, 428. 

Miinst<irl)er^;-Jastrow phenomenon, 
107. 

Musem noIitaiifcE, 08. 

JNInscle sense, 20. 

No^^ative aftor-iiria^?es, 112; pres- 
sure, 17. 

Noise, o8. 

Not<3s, 4M8 IT. 

Odors, romhination of, 51 : mini- 
mal, 40. S<‘(? also 810011. 

Olfactometm’, 50, .‘>71 IT. 

Organs for j)(‘rc(‘ptioii of gravity, 
88; of rotation, 40; of taste, 47. 

Ori<*ntation, smisatioiis of, .‘Ki IT. 

Otolith sense, .‘>8. 

Outward refenmceof touch, 1,2; of 
visual perceptions, 185. 

Pain, 1‘). 

Parallax of indirect vision, 187. 

Jhirtial ton(\s, 7.4 IT. 

P.i.ssi ve movcuiient at the elbow, .‘H . 

Pendulum for <*arrying a small 
tunin<^-fork, 877 IT.; pendulum 
metronome, 808; sound pendu- 
lum, 378 ff. 

P.ercejition of d(?pth by means of 
aciaminiodation, 208; by inter- 
vening obdects, 204; by nn;ans 
of shadows, 20(5 ; inlliienced by 
othm* pcrci‘j)tions, 210; in in- 
vm-ted jdclures and with in- 
verteil head. 210. 

Pcrcejition of llickerin;?> 188. 

Jhiicc'ption of motion, 8OO IT.; in 
imiinait vision, .‘105. • 

Perception of [losition and move- 


ments of the eyes, 108 ff. ; in 
normal and forced movements, 
100; lixation in complete dark- 
ness, 200; false location of after- 
images, 200. 

Perception of size of known ob- 
jects, 10(5. 

Perception of space and motion, 
184 IT. 

Perceptive inference of deptli, 204 
ff. ; of form, 2.55 ff. ; of motion, 
81 1 ; of size, 215 ff. 

Perimeter, 888. 

Peripheral vision; color-blindness 
in, l.‘>5; discriminative stmsi- 
bility in, 10(5; illusions of form 
in, 102; ])(*rcc])tion of Oicktiring 
in, 1(58; of light in, 1.‘54; of mo- 
tion in, 805. 

Perspective, ligures, 215; persi)ec- 
tive interpretation of plane hg- 
urcs, 21(5. 

0 

Phospheiu^s, 108. 

Photograj)hic shutter, 801. 

Physiological zi‘ro, 0. 

Pisco’s form t)f the Zbllner liguro, 

222 . 

Piston wdiistles, 884. 

Pitch, apparent, alTectcd by (|ual- 
ity of tones, (51 ; emotion:il elTect 
of, (52; number of vibrations 
necessary for, (54; i)it(di dis- 
tances, (55; recognition and dis- 
crimination of, (52 f. 

PoggcndorlT’s figure, 227. 

Positive after-images, 118 ; of mo- 
tion, 302 IT. 

Pressure, sensations, 12 ff. ; active, 
relinement of, 17 ; balance for 
tt\sting, 417 f . ; discriminative 
sensibility for, 14; intensity and 
stimulated area in, 18; location 
of, IG f. ; minimal ])ressure, 18; 
negative, 17 ; pressure points, 
12; teiiiperaturo and, IG. • 
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I’revaloTico of contours, IGIJ, 171. 

Primary position of eyes and lines 
of regard, 110; for convergence, 
4‘28. 

Prisms, ;><S7 ; double refracting, oOO. 

Probable (jrror of a single observa- 
tion, ooOnoU;; of the mean, JlCK) 
note. 

Ps(Uidoseoi)e, 2S(), 411. 

Psyeliopbysic! inethoils, .‘HI IT. ; 
nudluid of av(;rag(*. error, 8.^7 
ff. ; m(;tlio<l of minimal change, 
1 1 f., 844 IT. ; method of right 
atid wrong <*ases, 840 ff. 

Psyelio]diysic series, 840, 418. 

Purkin.j(‘/s diz/iiu‘ss, 42; imagers, 
08» ; plienomeiion, 142 ; vessel 
ligur(‘s, 00. 

Quality of tones, TO. 

Kagoiia Seine’s experiment, 155; 

•• ap[>aratiis for, 800. 

Ivatt) of greati'st rouglnujss of 
beats, (}7 ; of rotation reejuired 
for blending colors, 111. 

ibdief, binocular, 275, 204 IT.; mo- 
nocailar, 208 ff. 

Resonance l»ottles, 888. 

Resonators, 8S4. 

Retinal adaptation, 111 ; blood-ves- 
sels, 00 f. ; (rireubition, 101 ; 
fatigue, 110 ; imag(‘, 80, and 
pc'na’ptiou of siz(‘, 104, lOb, of 
size and distance*, 108; light, 
100; osrillation, 108; rivalry, 
170 f. ; shadows, 185; vertical, 
dt‘viation of, 208. 

Rivalry of \ isual fields, 170 f. 

Rods, elami>s. and couplers, 415. 

Rotating drum, 417. 

Rotation, si'iisations of, 40 IT. 

Rota, t ion table, 8>h.S f. 

Rubber hammer, 870. 

Saturation (see Color); disks, 305. 


Scheiner’s experiment, 90. 

Secondary positions of eyes aiul 
lines of njgard, 110; straight 
lines viewed in, 108. 

Sensations from lifted weights, 2(5; 
from the joints, 81 ff. ; from the 
tendons, 25, 84 ; of conta,et, 1, 1.8; 
of double contact, 8; of gravity, 
38; t)f hearing, 54 IT. ; of inmu va- 
tion, 25; of light and color, 181 
ff. ; of motion on the skin, 8; of 
movement of members, 81 ff. ; 
of oriiaitation, 8(5 ff. ; of pai^, 
10; of prtissurc!, 12; of x>rogres- 
sivc motion, 1.8; of resistance, 
88 f. ; of rotation, 10 ff . ; of 
smell, 40 IT. ; of taste, 47 tT. ; of 
tempiu’ature, 7 ff. ; of tickle, 18; 
of traction, 17. 

Sensibility : diseriminative(see Dis- 
criminative) ; of diiT(*ren I bod- 
ily regions to i)ressure, 17 ; to 
bunperatnre, 12; to tickle^ 10. 

Sensory circles, 4. 

SecineiK'o of colors in after-images, 
114 . 

Sighting lines, 187 ; common point 
of, 187 note. 

Silence, 50. 

Similarity, 821. 

Single and double images, 2(54. 

Smell, stuisations of, 40 IT. 

Snapper .sonmlor, 885. 

Solutions for testing taste and 
smell, 870 f. 

SonoiiieUir, 888, 

Sound, after-images of, 58; miiii- 
iiial, 54; sound i»en(lulum, .878; 
see also Anditt)ry, Hearing, 
Pitelij and Tone. 

Space, perceptio]! of, 1.S4 ff. ; spatial 
quality of tones, (51. 

Space error, .847, 

Si)eciric energy of nerves, 8 note; 
of temi)erature spots, 8. 
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SpectroscQpe, 398. 

Spiral disk, 394. 

Standards, rods, clamps, and coup- 
lers, 41.5. 

Steel cylinders for highest audible 
tone, 381. 

Stereoscope, 404 ; 'NVheatstohe’s,400. 

Stereoscopic diagrams, 400; ettect 
of slight differences in, l‘.)2. 

Stereoscopy, 294 ff. ; hy chromatic 
aberration, 297 ; hy differences 
in color, 298; with binocular 
« stroboscope, 29() ; with free 
eyes, 270; with moving figures, 
294. 

Stevens’s figure, 300. 

Strobic circles, 313 ff. 

Stroboscope, binocular, 2i>0, 390; 
monocular, 311, ,397. 

Suggestion blo(;ks, .‘KMJ. 

Summation in tickle sensations, 19. 

Surface of single vision, 271. 

Symmetry, 323, 

Table for sound pendulum, 375 ; 

for Galtoii whistle, 380 f. ; for 
method of right and wrong 
cases, .351, 3.54. 

Talbot-Plateau law, IK). 

Taste, sensations of, 47 ff. ; confu- 
sion of, with smells, 47 ; electri- 
cal, 49; miiiimal, 48; solutions 
for testing, .370. 

Telegraidi snapper, 385. 

Telestereoscope, 278^ 

Temperature, sensations of, 7 ff. ; 
and pressure, 10; chemical and 
mechanical stimulation of, 8; 
ill double contacts, 3; physio- 
logical zero, 9 ; temperature 
points, 7 ; tempcrature-i)oint 
seekers, .304. 

Tendon sense, .34. 

Thermometers, .‘504 f. 

Thompson’s strobic circles, 313 ff. 


Tickle, 18. 

Tilt-board, 39, 368. 

Timbre, 70. 

Time error, 347 ; time discrimina- 
tions by touch, 5 ; time relations 
in music, 80. 

Tones: beat tones, 09 note; char- 
acteristics of higli and low, 
00; highest, .59; irregularly va- 
riable, ()(>; lowest tones, .59; 
mutual effect of, (HJ, 78; simul- 
taneous tones, 00 ff., difference 
in location assists analysis of, 
82; single and successive, .59 ff. ; 
unison, heard witli two ears, 81. 

Toindi, 1 ff. ; co-onl illation of vision 
and toucli, 20.3; ec<a*ntric pro- 
jection of, 2; iierception of vi- 
bration l)y, 5. 

3hining- forks, .'581 ff. 

Vibration, ])erccption of by touch,* 
5. 

Vision, 89 ff. ; binocular, 108 (T., 200 
IT.; c<v.ord illation of touch and, 
20.3; intinence of experience in, 
]0(), 204 ff., 215 IT., 25.5 ff., .311; 
light and color, 131 IT.; motion, 
300; sj»acc, 1.S4 ff. ; with inverted 
head, 210. 

Visirllnivn, sec Sighting lim‘.s, 187. 

Visual angle, 194 note; similarity 
and symmetry, .321 ff. 

AValler’s expcriiiicnt, 207. 

Wavering of a single light point, 
^508; of objects on long lixation, 
308. 

AVeber’s law, 333 ff. ; demonstra- 
tional experiments for, .‘5.34 IT.; 
disks for, 335 f., 412 f . ; in the 
classification of stimuli, .340; in 
irradiation, .‘53(); transparencies 
• for, 3.34. 

Weber’s sensory circles, 4. * 
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Weights, equal, of unequal size, 
365 f. ; for discriminative sensi- 
bility, 365 f. ; for minimal pres- 
sure, 365 ; large, for lifting, 366 ; 
weighted envelopes, 413. 

Wheatstone stereoscope, 406. 

White, 138. 

Wooden cylinders of equal weight, 
3(U). 

Worsteds for Holmgren’s color- 
blindness test, 398. 


Wuiid t-Lani an sky law, 124; 
Wundt’s figure, 227. 

Yellow spot, 105. 

Zoetrope, 31 1 . 

Ziillner's aiiorthoscopic illusions, 
310; figure, 219, intluences af- 
fecting the extent of illusion in, 
221, variants of, 222. 














